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HISTORY OF CANADIAN SURGERY
ALEXANDER HUGH FERGUSON 
1853-1911
ROSS MITCHELL, M.D. and COLIN C. FERGUSON, M.D.,*5 Winnipeg, Man.
Around 1880 all eyes were fixed on Win­
nipeg. A bridge was being built over the 
Red River to bring the main line of the 
Canadian Pacific Railway into the city and 
a boom was in the making. This was the 
“gateway to the last Great West”. Rright 
young medical men hastened to begin prac­
tice in what they hoped would become a 
second Chicago. One of these was Alex­
ander Hugh Ferguson who was destined 
to achieve success in both cities.
His parents, of Scottish convenanter stock 
from Argyllshire, had settled near Wood- 
ville in Ontario County, Ontario. Their son 
was born on February 13, 1853. Their na­
tive tongue was Gaelic and this was Alex­
ander Hugh’s first language. He attended 
the rural schools and then moved with his 
family to Winnipeg where he was a student 
at Manitoba College. He had to make his 
own way so he taught school and instruct­
ed in Latin. In 1877 he began to study 
medicine under Dr. John Harrison O’Don­
nell who made so lasting an impression on 
the young student that he dedicated his 
magnum opus on hernias to his early 
teacher.
His formal instruction in medicine was 
taken at Trinity Medical School, Univer­
sity of Toronto. Ferguson graduated in 
1881 with the M.B., Ch.B. degree and was 
awarded the first silver medal.
After graduation, he studied in New 
York, Glasgow, London and Berlin. From 
the latter school he obtained a special cer­
tificate in bacteriology. Later in his teach­
ings he emphasized the value of a knowl­
edge of bacteria and the gentle handling 
of tissues. He began practice in Buffalo, 
N.Y., but moved to Winnipeg in 1882 at 
the urging of his aged mother. In the same 
year he married Miss Thomas of Nassag- 
awaya, near Guelph. That Ferguson still
“Professor of Surgery, University of Manitoba, Winnipeg.
Fig. 1.—Dr. A. H. Ferguson.
retained old ties with Buffalo friends is 
indicated by the signature, Dr. Irving P. 
Lyon, Buffalo, N.Y., on a reprint of his 
article on Hydatids of the Liver4 which is 
in the Manitoba Medical Library.
In 1874 a considerable number of Ice­
landic people settled in Manitoba. Some 
were afflicted with hydatid cysts which 
were amenable to operation. Ferguson op­
erated upon some of these people and, as a 
result, Dr. Jonas Jonasson of Reykjavik sent 
a copy of his book on hydatid disease. Dr. 
Ferguson had it translated from the Danish 
and carried on a correspondence with the 
author. On October 15, 1892, Ferguson
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addressed the Minnesota Academy of Med­
icine on the subject of hydatid disease, of 
which it was said that he had the greatest 
knowledge of any man in America.
On coming to Winnipeg in 1882, Dr. 
Ferguson was appointed registrar of the 
College of Physicians and Surgeons of Man­
itoba and in the following year he was one 
of the 13 founders of the Manitoba Medi­
cal College. For three years he was pro­
fessor of physiology and histology, and 
when in 1886 Dr. James Kerr moved to 
Washington, D.C., Ferguson succeeded him 
as professor of surgery.
Manitoba’s M edical School
In 1886, the Manitoba Medical College 
could boast of excellent clinical facilities in 
the Winnipeg General Hospital, the Mater­
nity Hospital and St. Boniface Hospital; the 
latter, situated on the east bank of the Red 
River, was operated by the Sisters of Char­
ity, the Grey Nuns. The Presbyterian doc­
tor became surgeon-in-chief of St. Boniface 
Hospital and was known to the sisters as 
“our Dr. Ferguson”. So highly were his 
operative clinics regarded that when in 
1893 an addition to the hospital was built 
bringing the bed capacity to 120, it in­
cluded a new operating theatre with an 
amphitheatre seating 120.
The standard of medicine in Winnipeg 
during the 1880’s was high. Dr. F. H. 
Mewburn, first professor of surgery at the 
University of Alberta, was the first medical 
superintendent of the Winnipeg General 
Hospital. In 1884 he wrote of “the remark­
able group of medical men for as new a 
city as Winnipeg to have”. The group 
headed by Lynch, included Blanchard, 
Kerr, Good, Jones, A. H. Ferguson, R. B. 
Ferguson, McDiarmid, Gray, Whiteford 
and others. Chown and Higginson came 
later.
To transport the students from the Med­
ical College to St. Boniface Hospital, two 
miles away, the faculty arranged to have 
a two-horse team and sleigh call at the 
college on slated days. Dr. S. L. Elkin was 
one of the high-spirited students who made 
life miserable for the Irish toll-collector at 
Broadway bridge. Ferguson also operated 
in the Winnipeg General, Brandon General
and Morden Freemasons’ Hospitals. He 
was the first president of the Manitoba 
branch of the British Medical Association.
The Move to Chicago
In December 1893, Ferguson received an 
invitation to become professor of surgery 
in the Postgraduate School of Chicago. In 
June 1894, he moved with his wife and 
two sons, Ian Havelock and Alexander 
Donald, to this western metropolis.
Chicago at that time was a lusty young 
giant, bursting with energy. It offered won­
derful opportunities to an ambitious, well- 
trained and already favourably known 
surgeon. There were three great medical 
schools, Rush, Northwestern and the Uni­
versity of Illinois. It was the home of a 
remarkable trio of surgeons, Christian Fen- 
ger, Nicholas Senn and John Benjamin 
Murphy. Ferguson operated in the Chicago 
Hospital, of which he became the owner. 
In 1900 he was elected professor of clinical 
surgery in the College of Physicians and 
Surgeons, the medical faculty of the Uni­
versity of Illinois with 700 medical stu­
dents. In 1910 he became president of the 
Chicago Medical Society and president of 
the Western Surgical and Gynecological 
Society. In 1906, King Carlos of Portugal, 
soon to die by an assassin’s bullet, hon­
oured him by conferring on him the Order 
of Christ of Portugal, the highest decora­
tion that could be bestowed on anyone 
who was not of royal blood. The citation 
was for “excelling in surgery”.
His hospitable home was always open 
to his old friends, especially to those from 
Canada.
Visit to Winnipeg
On the eve of leaving for Chicago, Dr. 
Ferguson tendered his resignation as sur­
geon-in-chief of St. Boniface Hospital. The 
Sisters refused to accept it, believing that 
someday he would return. Their faith was 
justified when he came to Winnipeg to 
speak at the Annual Dinner of the Mani­
toba Medical Alumni Association. The 
Manitoba Free Press of February 16, 1909, 
printed Ferguson’s picture on the front page 
under the heading “Great Surgeon Returns”. 
Sir Daniel H. McMillan, Lieutenant-Gover-
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Fig. 2.—St. Boniface Hospital in 1894. Note windmill for pumping water. The small building 
in the rear is the first hospital.
nor of Manitoba, arranged a luncheon at 
Government House for Dr. and Mrs. Fer­
guson. Dr. Gordon Bell presided at the 
Annual Dinner held in the Royal Alexan­
dra Hotel. In his speech, Dr. Ferguson de­
plored the segregation of nationalities in 
this new country and advocated eugenic 
selection to improve the human race. Dur­
ing his visit he operated in the old theatre 
at St. Boniface Hospital before a large 
group of doctors who were impressed with 
his dexterity and his use of flexible copper 
retractors, the first seen in Winnipeg.
Dr. Ferguson and D iphtheria Antitoxin
The following story is interposed to show 
Dr. Ferguson’s interest in the whole realm 
of medicine. While studying in Berlin, he 
met a young Prussian, Emil von Behring, 
who was trying to find a serum which 
would neutralize the effects of diphtheria 
neurotoxin. Success was close at hand 
when Ferguson left, and Behring promised 
to send him samples as soon as the anti­
toxin was perfected. These reached Fer­
guson on the eve of his departure for 
Chicago in 1894 and before the new rem­
edy was on the market. He left them at 
the new infectious wing of the Winnipeg 
General Hospital with the expressed hope 
that the antitoxin be tried when an oppor­
tunity arose. Dr. J. N. Andrew, who had 
just graduated, was the intern on duty, 
when a young man was admitted with 
diphtheria. This was the opportunity. The 
antitoxin was injected, and the patient re­
covered. In 1957, shortly before his death, 
Dr. Andrew told the senior author he be­
lieved that by this happy circumstance he 
was the first in Canada, if not in the New 
World, to administer diphtheria antitoxin.
Contributions to Surgery
Dr. Ferguson was a bold and dextrous 
surgeon, and an excellent teacher. Early 
in his career, as previously mentioned, he 
became widely known for his surgical 
treatment of patients with hydatid disease 
of the liver. In 1899, his paper entitled 
“Oblique Inguinal Hernia, Typic Operation 
for Its Radical Cure” was published in the 
Journal o f the American M edical Associ­
ation.6 In this forthright article he described 
the classic herniorrhaphy without trans­
plantation of the cord, four years before 
Halstead published his method. Ferguson’s 
repair, or modifications of it, are still em­
ployed today, particularly in the field of 
pediatric surgery.
His book, “The Technic of Modern Op­
erations for Hernia”, published in 1907,8 
was immediately hailed as a classic. In
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this text, profusely “illustrated by reproduc­
tions of original drawings from the author's 
collection”, Ferguson described all types of 
hernias, their management by other sur­
geons, and his own methods in detail. Also 
included are discussions of preoperative 
care, operating-room technique, postopera­
tive care, surgical complications, their pre­
vention, and the results obtained. Through­
out the text, the stress laid upon the gentle 
handling of tissues, and meticulous care, 
made Ferguson, along with Halstead, a 
pioneer of modern surgery. Ferguson also 
became known for his operations in thor­
acic, urological, gynecological and cleft 
palate surgery. A list of his publications is 
appended.
The Final Phase
Following the visit to Winnipeg, Dr. A. 
H. Ferguson resumed his incessant activi­
ties in Chicago without sparing himself. 
For many years he had suffered from 
diabetes; then a succession of carbuncles 
sapped his abundant energy and led to his 
death on October 20, 1911, at the age of 
58 “in the full tide of professional useful­
ness”.
From his Scottish forbears, Alexander 
Hugh Ferguson derived the qualities which 
made him an outstanding surgeon—a deter­
mination to prepare himself as thoroughly 
as possible, persistency, capacity for work 
and conscientiousness. He once said that he 
never performed an operation without ask­
ing himself whether in like circumstances 
he would have the operation performed 
upon himself.
He lived “as ever in the great Task­
master’s eye”.
Dr. Frederick H. Falls, Professor Emeritus 
of Obstetrics and Gynecology, University of 
Illinois, Chicago, who was appealed to for 
reminiscences of Dr. A. H. Ferguson, has 
kindly written under the date of January 30, 
1962.
“Unfortunately I had no direct contact with 
D r. Ferguson because I did not graduate until 
June 1910 and I spent most of my life for
the next 18 months inside of the “iron fence” 
that surrounds the Cook County Hospital. 
However, my own father was a graduate of 
McGill, as were five generations of doctors 
from my mother’s family. As a result, many 
Canadian doctors visited our home at various 
times and they discussed what other Cana­
dian doctors were doing both in and outside 
of Chicago. The name of Dr. Alexander Hugh 
Ferguson was often mentioned and always 
with great respect so that I  almost had the 
feeling that I  knew this man whom I had never 
met. These impressions indicate something of 
his character and worth to the South side of 
Chicago with which, as a youngster, I was 
not too familiar. There were two Canadian 
physicians whom I should liked to have met, 
Sir William Osier and Alexander Hugh Fer­
guson.”
We express our indebtedness to the late Dr. 
Neil John Maclean, who in Surgery, Gynecology 
and Obstetrics (43 : 721, 1926) under the gen­
eral heading “Master Surgeons of America” wrote 
of A. H. Ferguson; to Dr. Ian Maclean for the 
autographed photographs of the surgeon; to the 
Sister Superior of St. Boniface Hospital for the 
picture of the hospital in 1894; to the librarians 
of Manitoba Medical Library and to Miss Nancy 
Joy, Assistant Professor of Medical Illustration, 
for advice and assistance.
D r . A. H. F erg uso n ’s Surgical P u blication s
1. On surgical hints and cases, Northern Lancet
and Pharmacist, 4 : 311, 1890.
2. Strapping and suspending a testicle, Northern
Lancet, W innipeg, 3: 215, 1889-90.
3. Ovariotomy, Northern Lancet, Winnipeg, 3:
199, 1889-90.
4. Hydatids of the liver, Northwestern Lancet
(St. Paul), 13: 41, 1893.
5. Preliminary report of anterior transplantation
of the round ligaments for displacements of
the uterus, J. A. M. A., 33 : 1275, 1899.
6. Oblique inguinal hernia: typic operation for
its radical cure, J. A. M. A., 33: 6, 1899.
7. Indications for prostatectomy and the results
of the operation, /. A. M. A., 47 : 1153,
1906.
8. The technic of modem operations for hernia,
Cleveland Press, Chicago, 1907.
9. Visceral pleurectomy, Trans. Amer. Surg. Ass.,
27: 156, 1909.
10. Cruroscrotal hernia, Ann. Surg., 99: 98, 1909.
11. Carcinoma of the pancreas, Surg. Gynec.
Obstet., 10: 393, 1910.
12. Raynaud’s disease: report of a case, Surg.
Gynec. Obstet., 13: 597, 1911.
13. Complete absence of the vagina: an opera­
tion for the formation of a plastic vagina,
South. Med. J., 4 : 210, 1911.
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O R I G I N A L  A R T I C L E S
ETUDE SUR LA MALADIE DE MORTON0
JACQUES VANDEPUT, M.D., M.S.,f Q uebec , P.Q.
HlSTOBIQUE DU SYNDROME
II  n’est nullement dans notre intention 
de passer en revue toute la litterature sur 
ce suj'et; nous voulons plutot exposer le 
developpement de notre connaissance actu- 
elle de ce syndrome.
Les chiropraticiens1 considerent Lewis 
Durlacher,2 chirurgien-chiropraticien de la 
Reine d’Angleterre, comme le premier 
auteur ayant decrit cette variete de meta- 
tarsalgie (1845).
Dans la litterature medicale, Thomas G. 
Morton de Philadelphie, est considere 
comme etant le premier a traiter ce sujet 
(1876). Dans son compte-rendu,3 il pre­
sente des patients “avec une affection 
douloureuse de 1’articulation metatarso- 
phalangienne du 4eme orteil, qui n’a pas 
ete decrite auparavant, a sa connaissance”. 
II a obtenu des guerisons spectaculaires 
par l’excision de cette articulation et des 
tissus mous environnants; n’ayant pas iden- 
tifie les tissus malades, cette entite lui 
apparaissait etre d’origine articulaire.
Fait curieux, d’autres auteurs du meme 
nom ont contribue a 1’etude de cette 
maladie. Un d’eux, Thomas S. K. Morton,4 
en 1892 confirmait les observations de T. 
G. Morton.
Hoadley, en 1893, cite par d’autres au­
teurs,5- 6 rapporte un cas ou il resequa juste 
une petite tumefaction du nerf digital lateral 
au 4eme orteil, qu’il considera comme un 
nevrome; le resultat operatoire fut instan- 
tane et excellent; mais pendant pres d’un 
demi-siecle, l’importance de cette decou- 
verte ne fut pas completement realisee.
* le r  Prix du Concours 1961, pour internes et 
residents, offert par La Societe d’orthopedie et 
de traumatologie de la Province de Quebec.
Ce travail a ete effectue a la suggestion et avec 
la collaboration^ du Dr E. Morin, directeur des 
laboratoires de l’Hopital du St-Sacrement, Quebec. 
La chirurgie a ete faite par les orthopedistes de 
cet hopital.
fAdresse actuelle: The Crawford W . Long Mem­
orial Hospital of Emory University 35 Linden 
Ave. N.E., Atlanta 8, Georgia, U.S.A.
Un autre auteur, D. J. Morton, proposa 
une interpretation differente de la patho- 
genese. En 1935,7 il decrivit, dans certains 
cas, une metatarsalgie du premier meta- 
tarsien court, trop mobile avec deplace­
ment des sesamoides en arriere. Dans ce 
type de “pied-plein”, tout le poids du corps 
repose sur la deuxieme articulation meta- 
tarso-phalangienne et bientot, celle-ci subit 
des changements arthritiques importants. 
Pour lui, cette metatarsalgie etait causee 
par une irritation du nerf plantaire interne, 
en-dessous de cette jointure.
Un detail est a preciser ici: ce que 
certains auteurs14-15 appellent “orteil de 
Morton”, doit etre pris dans le sens de 
pieds plats du type D. J. Morton ( “pied 
de Morton”), et non de metatarsalgie avec 
maladie du nerf digital du type T. G. 
Morton.
En 1940 Betts, d’Australie,8 demontra 
definitivement, que la douleur dans cette 
maladie n’est pas causee par une affection 
articulaire, mais par une tumefaction 
fibreuse du nerf, qu’il considera simple- 
ment comme un nevrome. Il expliqua 
l’apparition de ce nevrome par une irrita­
tion mecanique chronique de ce nerf inter­
digital. Il confirma aussi que la resection 
de ce nerf malade est le traitement de 
choix.
McElvenny,9 travaillant independam- 
ment de Betts, publia ses resultats portant 
sur 12 malades, et arriva aux memes con­
clusions.
En 1946 King,10 impressionne par l’asso- 
ciation d’une maladie neurogenique avec 
hyperplasie fibreuse, classifiait cette lesion 
sous le nom de “nevrome sclerosant”.
De nouvelles idees furent presentees par 
Winkler, Feltner et Kimmelstiel11 en 1948. 
Us prouverent que la lesion est de nature 
purement degenerative. Environ en meme 
temps, Nissen12 expliqua l’etiologie de cette 
degenerescence. La lesion primaire lui 
semblait etre une ischemie progressive 
vasculaire des arterioles, et selon lui c’etait
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la la cause de tous les changements sur- 
venant en dedans et autour du nerf.
En 1951 Mulder, des Pays-Bas,13 revint 
a une etiologie mecanique. II nota juste 
au-dessus du nevrome, une bursite entre 
les tetes metatarsiennes. Ringertz et 
Unander-Scharin6 demontraient des lesions 
arterielles et une fibrose perineurale chez 
presque tous les cadavres quadragenaires; 
ils ne trouverent pas de parallelisme entre 
le degre de fibrose et la severite des 
symptomes cliniques. Se basant sur ces 
constatations, Scotti, en 1956 faisait une 
etude etendue de cette maladie et refusait 
d'aecepter la theorie neurovasculaire.
L’auteur de cet article est partisan de 
la theorie neurovasculaire; ce qui nous 
explique bien la plupart des constatations.
Recemment, nous avons trouve la meme 
opinion dans un rapport de l’Association 
Australienne d’Orthopedie.23
De plus, un traumatisme aigu et direct 
ou chronique et indirect, nous semble etre 
un facteur essentiel dans la pathogenese 
de la lesion.
E tiologie et  discussion de differentes
THEORIES
Nous avons deja demontre dans le 
chapitre precedent, que la maladie n’est 
pas de nature articulaire, ainsi que le 
suggerait jadis T. G. Morton.3 L’attention 
fut attiree sur le nerf plantaire inter­
digital,1 en 1893 par Hoadley et, de nou­
veau en 1940 par Betts.8 Ils remarquerent 
la presence d une tumefaction fibreuse du 
nerf et considererent cette lesion comme 
un nevrome d’origine traumatique. Hoadley 
remarqua meme une fente dans le ligament 
transverse et il pensa que ceci permettait 
une descente de la tete du 4eme meta- 
tarsien, causant ainsi une irritation trau­
matique chronique du nerf interdigital 
plantaire.
Betts8 a etudie en detail l’anatomie des 
nerfs plantaires. Le 4eme nerf interdigital 
plantaire resulterait de l’anastomose de 
branches en provenance des nerfs plantaires 
internes et externes. Cette origine double 
est soumise a des tractions lors dune con­
traction du M. flechisseur commun des 
orteils et aussi dune flexion dorsale des 
orteils, quand le nerf interdigital est etire
contre le ligament transversal du pied. 
Nissen et Holmes, qui ont fait de multiples 
dissections de cadavres, n’ont pas pu 
confirmer ce point de vue, car souvent 
une des branches anastomosantes faisait 
defaut.12
En 1948, Winkler, Feltner et Kimmel- 
stiel11 demontraient que la lesion etait de 
nature degenerative. En effet, dans le cas 
d’un nevrome on s’attend a trouver une 
proliferation diffuse des axones et une 
hyperplasie des cellules de Schwann; ici, 
le nombre des axones est nettement di- 
minue. Pour cette raison, cette entite fut 
nommee par King:10 “nevrome sclerosant”. 
Cependant, des changements degeneratifs 
furent aussi notes, et le trichrome de 
Masson demontra definitivement que, plus 
il y a de fibroblastes, moins les cellules de 
Schwann persistent.
Nous trouvons dans un cas de Mulder,13 
un exemple demonstratif de difference 
entre une etiologie traumatique directe. 
Chez un patient atteint de maladie de 
Morton, il laissa a l’operation, le bout 
proximal du nerf un peu trop long; le nerf 
formait un vrai nevrome de regenerescence, 
qui dut etre reseque ulterieurement. On 
pourrait done se demander pourquoi il n’y 
aurait pas les mercies processus post- 
traumatiques de regenerescence, au lieu de 
remplacement cicatriciel, si la maladie de 
Morton n’etait qu’une irritation traumatique 
chronique . . .
Nissen affirmait que la pathologie 
primaire est une fibrose vasculaire de 
l’artere, avec degenerescence secondaire du 
nerf. Celle-ci pourrait etre rattachee a une 
maladie vasculaire generalisee, comme la 
thromboangiite obliterante ou la nevrite 
diabetique.18 Nissen a trouve des atteintes 
semblables des nerfs median et cubital 
dans des cas severes de contractures de 
Volkmann. Mais, alors on ne pourrait pas 
expliquer une guerison totale apres re­
section locale d’un bout de nerf.
En 1950, Ringertz et Unander-Scharin8 
ont montre des lesions mineures dans les 
arteres et les nerfs digitaux du pied chez 
presque tous les cadavres; ceci est en 
accord avec notre experience. Nous con- 
cluons done que chaque adulte ambulant 
porte ces lesions “pre-Morton” mais que 
pour des raisons locales, seulement quel-
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ques-unes progressent et s’aggravent au 
point de causer des ennuis. Et s’il est vrai 
que la maladie de Morton peut survenir 
dans n’importe quel espace interdigital, il 
semble difficile d’expliquer pourquoi elle 
se developpe plus frequemment dans le 
3eme espace.
Nissen a remarque que parfois la 
troisieme artere interdigitale est absente et 
remplacee par une petite branche en 
provenance de la 2eme ou 4eme artere 
interdigitale. Cette fine arteriole, pour 
atteindre le 3eme espace, doit passer 
au-dessus du muscle flechisseur commun 
et dans cette region elle est done particu- 
lierement vulnerable.
Dans tous nos cas, nous avons trouve 
une artere interdigitale de bon calibre, 
toujours situee en position normale, a cote 
du nerf. Nous pensons plutot que le facteur 
essentiel est: tout traumatisme a Favant- 
pied, capable de produire des lesions 
vasculaires aux arteres digitales.
Un tel traumatisme peut etre soudain 
et direct, a la plante du pied, ou bien 
indirect et chronique et se rattache a un 
defaut structural du pied (Fig. 1 a, b et c ). 
II se trouvre qu’un poids exagere s’exerce 
sur certaines tetes metatarsiennes, et cette 
condition est encore aggravee par le port 
de souliers a hauts talons. Des chaussures 
etroites, poussant les lers et 5eme orteils 
en haut, surchargent les 2, 3 et 4eme tetes 
metatarsiennes et espaces interdigitaux. 
Cette region est done tres vulnerable, 
specialement lors d’activites vigoureuses. 
La plupart des auteurs18 insistent sur le 
role du port de chaussures etroites et 
serrees.
Physiopathologie de la maladie
Tous les auteurs acceptent un trauma­
tisme mecanique, comme cause de la 
maladie.
Ce traumatisme peut etre aigu ou 
chronique. Le dernier cas est certainement 
le plus frequent. La plupart des malades 
ne peuvent preciser les circonstances 
exactes dans lesquelles la maladie a com­
mence; il leur semble en general que la 
douleur s’installe graduellement. Un poids 
excessif sur les tetes metatarsiennes pro- 
voque un traumatisme chronique du pied,
Fig. 1.—Arc metatarsien renverse. (a) Normal. 
Chaque tete metatarsienne porte 3 kg. (b) Pied 
plat, (c) Pied plat avec chaussures etroites. Les 
3eme et 4eme metatarsiens portent chacun 9 kg.
lequel est cause par une deficience de Fare 
metatarsien.
On peut considerer ici le pied plat 
congenital du type D. J. Morton; mais le 
facteur aggravant est le port de chaussures 
trop etroites. Cette tendance, frequente du 
fait de la mode, produit de nombreux 
troubles de Favant-pied, parmi lesquels, 
le chevauchement du ler et du 5eme 
orteil avec descente du 2, 3 et 4eme 
metatarsiens, importe seul pour le moment.
On comprend que les hauts talons 
elegants “punissent” les 3eme et 4eme 
tetes metatarsiennes, en leur imposant une 
charge de 15 kg. sur leur surface de 1 cm.2, 
soit cinq fois la valeur normale (Fig. 2 ).
Cet ecrasement chronique au niveau de 
Farticulation metatarso-phalangienne est 
mis en evidence par la presence d’une 
bourse3 entre les tetes metatarsiennes 
affectees, et en-dessous du faisceau neuro- 
vasculaire. Cette bourse est anormalement 
elargie; elle presente une paroi epaissie 
par de la fibrose et adhere, par des
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trainees fibreuses, aux tissus d’alentour 
(tissu conjonctif, ligament transverse). 
Dans environ un tiers des cas, elle contient 
de la fibrine, signe d’irritation et d’inflam- 
mation recente.
Une histoire de traumatisme aigu au 
niveau de l’avant-pied, peut etre retrouvee 
dans un nombre important de cas et est 
mentionnee dans la litterature16 (Groupes 
I et I I ) .
Notre opinion est que ce traumatisme de 
compression, chronique ou aigu, endom- 
mage les vasa-vasorum de l’artere interdi- 
gitale et provoque un infarcissement de 
tout un segment de paroi arterielle, avec 
fibrose graduelle par la suite. Une throm­
bose de l’artere digitale peut etre retrouvee. 
Une degenerescence post-ischemique pro­
gressive du nerf digital se produit au 
niveau qui dependait de cette artere. La 
recanalisation de cette artere thrombosee 
est possible, jusqu’a un certain degre et 
dans le cas d’un individu jeune, il y a meme 
tellement de collaterales que le tout 
devient englobe dune masse pseudo- 
angiomateuse.26 Berry20 rapportait un autre 
cas de Maladie de Morton dans une masse 
d’angiome thrombose. Nous avons eu 
aussi un cas semblable qui est decrit dans 
le chapitre des “cas cliniques”. Ainsi 
l’orteil reste assez bien vascularise, mais 
le nerf degenere et son remplacement 
fibrotique s’ensuit. (Groupe II).
McElvenny9 confirmait que, microscopi- 
quement, les specimens sont, soit des 
“neurofibromes” ou des “angio-neuromes”.
La circulation au niveau de la lesion
etant diminuee la fibrose progresse, de 
sorte que bientot apparaitra une large 
masse de tissu fibreux. Dans des cas 
precoces, operes moins d’un ou deux mois 
apres l’apparition des symptomes, on ne 
verra que peu de chose a l’oeil nu; toutefois, 
des changements grossiers sont evidents 
dans une periode de 6 a 12 mois: le nerf 
est epaissi, indure et adherent a la bourse 
affectee; la masse fibreuse englobe le 
ligament transverse. Une luxation de cette 
masse dans la bourse intermetatarsienne, 
deja mentionnee par Mulder,13 peut sur- 
venir dans la station debout, alors que les 
metatarsiens divergent.
On n’a pas pu etablir de relation entre 
le degre de fibrose et l’image clinique; on 
a l’impression que la severite des symp­
tomes depend de 1’importance du trauma­
tisme causal et que la fibrose est une 
reaction individuelle. Les attaques dou- 
loureuses correspondent a des periodes 
d’ischemie, causees par un nouveau trau­
matisme (compression durant la marche) 
ou par un spasme vasculaire (froideur, 
chaleur post-traumatique). Le soulagement 
que ces malades eprouvent par le repos 
ou simplement en enlevant leurs chaus- 
sures, est du a la suppression temporaire 
de ces facteurs (Groupe I, cas 7; Groupe 
II, cas I) .
Nous savons mal comment l’ischemie 
peut provoquer la douleur. Des experiences 
ont montre22 qu’un nerf anoxique, engendre 
des stimulations repetees; un nerf ische- 
mique semble, d’autre part, etre plus 
sensible aux irritations douloureuses.
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P a th o lo g ie
Description macroscopique
II est evident que 1’apparence a l’oeil 
nu, de la lesion, depend du degre de 
fibrose. Les lesions precoces (agees d’un 
mois) ne montrent que peu de gonflement; 
une pathologie tardive (1 an) presente 
une grosse masse fibreuse, adherant a la 
bourse intermetatarsienne et au ligament 
transverse. La plupart des tissus preleves 
provenaient dune longue maladie (plus 
dun an). Souvent, entre temps, des 
podiatres avaient ete consultes pour en- 
lever des cors ou encore parce que le 
diagnostic n’etait pas fait, et qu’ainsi, un 
traitement conservateur avait ete trop long- 
temps pratique. Ces pieces ont une forme 
cylindrique et mesurent approximative- 
ment 1 cm. de diametre par 2 cm. de lon­
gueur.
La surface externe du tissu ,est blan- 
chatre et la masse bien encapsulee. A la 
coupe, le tissu est plus dur que normale- 
ment. L’exploration chirurgicale montra 
que l’artere et le nerf sont soudes dans une 
masse de tissu conjonctif dense proliferant. 
Le nerf lui-meme semble etre environ trois 
fois plus gros que normal.
Le nerf et Fartere de chaque specimen 
furent disseques et des prelevements faits 
a differents niveaux pour examen his- 
tologique.
Parfois, nous pouvons nous attendre a 
des processus atypiques. Dans le cas de 
jeunes malades, une abondante circulation 
collateral se developp.e et on trouve alors 
une masse pourpre, foncee, remplie de 
vaisseaux thromboses, entourant le nerf; 
cette masse est fibreuse par endroits.
Examen microscopique
Chaque coupe examinee nous montra un 
des differents stades de lesion arterielle ou 
nerveuse. Les modifications arterielles 
varierent, de quelques points d’infarcisse- 
ment et d’infiltration fibreuse de la paroi, 
a une degenerescence grossiere de toute 
la musculeuse avec obliteration complete 
de la lumiere. Ceci est vrai non seulement 
pour Fartere principale mais aussi pour ses 
collaterales. Dans le type “neuroangioma- 
teux” (specimen d’un adolescent), on
retrouva une multitude de canaux san- 
guins, entoures de tissu fibreux.
A. M o d ific a tio n s a r t e r ie l l e s
Stade 1.—Infarcissement de Tartere 
(Figs. 3 et 4).
(a ) L ’ecrasement des vasa-vasorum en­
frame une ischemie de la paroi arterielle. 
Une transformation sclero-hyaline de la 
musculeuse, sequelle de l’infarcissement 
segmentaire, suit.
(b ) La sclerose des differentes couches 
arterielles debute a 1’exterieur et gagne 
plus tard l’interieur (c.a.d. que l’endothe- 
lium reste longtemps intact).
(c ) La reduction progressive de la 
lumiere arterielle aboutit a un conduit 
filiforme. Dans certains cas, les collaterales 
forment un reseau angiomateux sans toute- 
fois pouvoir corriger l’ischemie segmen­
taire du nerf.
Stade 2.— Obliteration d e Tartere 
(Figs. 5 et 6).
(a ) Les fibroblastes ont pousse l’endo- 
thelium dans la lumiere et l’obliteration est 
complete. Parfois, une recanalisation par- 
tielle se fait.
(b ) Un tissu fibreux opaque remplace 
la musculeuse, conservant quelques debris 
de fibres elastiques epars.
Stade 3.— Remplacement fibreux  
(Figs. 7 et 8 ).
II ne reste qu’un trongon cylindrique de 
tissu fibreux dans lequel des debris de 
fibres elastiques permettent de recon- 
naitre une ancienne artere.
B. M o d ific a tio n s  au  n ivea u  des n e r f s
Stade 1. —  D egenerescence W allerienne 
(d ebu t)  (Figs. 9 et 10).
(a ) L ’obliteration des capillaires a la 
Peripherie du nerf.
(b ) La degenerescence de Waller 
debute en plein milieu du faisceau; on 
rencontre des points de demyelinisation au 
centre avec gonflement des cellules de 
Schwann a la peripherie.
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LESION  VASCU LAIRE
S tacle 1
Fig. 3 Fig. 4
Fig. 3.—Sclerose des differentes couches de la paroi arterielle, partant des structures 
externes, progressant vers l’interieur et laissant intact l’endothelium. Fig. 4.—Sclerose des 
differentes couches arterielles. La lumiere est devenue filiforme.
Stade 2
Fig. 5 Fig. 6
Fig. 5.—L ’artere a ete recanalisee partiellement apres avoir ete thrombosee. Dans la 
lumiere, on voit de petits capillaires. La gaine musculaire est remplacee completement par 
du tissu fibreux. Fig. 6.—L ’obliteration complete de la lumiere est causee par une sclerose 
dense envahissant toutes les couches, surtout la musculeuse.
Stade 3
Fig. 7 Fig. 8
Fig. 7.—Stade extreme de thrombose et de sclerose de 1’artere: il n’en reste qu’une masse 
cylindrique de tissu fibrotique. Fig. 8.—L ’orceine a colore lelastine et c’est seulement ainsi 
qu’on peut prouver la preexistence d’une artere.
January 1963 LA MALADIE DE MORTON 11
LESION NERVEUSE
Stade 1
Fig. 9 Fig. 10
Fig. 9.—Quelques faisceaux de calibres differents: a cote de ceux-ci, des arterioles dont 
la plupart obliterees. Fig. 10.—Fragmentation de la myeline, en peripherie, cellules de 
Schwann cedematiees.
Stade 2
Fig. 11 Fig. 12
Fig. 11. —Toutes les parties du nerf sont cedematiees. Fig. 12.—Deux faisceaux nerveaux 
en degenerescence avancee: leur centre est vide. A noter aussi, la presence d’une arteriole 
completement obliteree.
Stade 3
Fig. 13 Fig. 14
Fig. 13.—Presence de foyers de sclerose et de degenerescence hyaline. A noter: les 
granulations fibreuses progressant vers le centre du nerf. Fig. 14.—Remplacement cicatriciel 
lu nerf.
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Stade 2.—Remplacem ent fibreux (debut) 
(Figs. 11 et 12).
( a ) La myeline ne se colore plus ( trans­
formation hyaline; parfois ce liquide est 
accumule en vacuoles donnant la formation 
de “pseudokystes”) et est remplacee par 
du liquide d’cedeme. Les axones ont dis- 
parus. L ’endonevre est oedematie.
(b ) Une hyperplasie fibreuse intense a 
debute au perinevre et dans des cas un 
peu plus avances, 1’infiltration a atteint 
deja 1’endonevre.
(c ) Le trichrome de Masson colore les 
cellules de Schwann sans mettre en 
evidence les fibroblastes. Une impregnation 
aux sels d’argent, selon Lester King, nous 
donne la masse totale de fibroblastes et en 
plus, les cellules de Schwann. Ainsi, nous 
pourrions prouver que la quantite de 
cellules de Schwann est inversement pro- 
portionnelle a la quantite de fibroblastes.
Stade 3.— Fossilisation sclereuse du nerf 
(Figs. 13 et 14).
Le nerf est completement remplace par 
un tissu cicatriciel exuberant.
S y m pto m a to lo g ie
I. Douleur
Elle est typiquement de nature ische- 
mique.21-23 La douleur commence par un 
malaise donnant une sensation de brulure 
et de chatouillement; peu de temps apres, 
surviennent des crampes severes avec 
elancements douloureux. Souvent cette 
douleur est associee a une sensation de 
gonflement. Les douleurs reprennent in- 
variablement lors de la marche ou de la 
station debout et le plus souvent durant 
le port de chaussures “a la mode,” a hauts 
talons et pointes fines.
Quelques malades, boiteux et invalides 
dans leurs souliers, voient leurs symtomes 
disparaitre lorsqu’ils sont nu-pieds. 11s sont 
soulages lorsqu’ils enlevent leurs chaussures 
ou par un court repos. Le retour de la 
circulation sanguine, par friction des orteils, 
donne habituellement un soulagement 
rapide.
Certains malades sont soulages par un 
bain d’eau froide ou par une marche pieds 
nus sur un plancher froid.
Debut de la douleur.—Beaucoup de 
malades mentionnent une apparition aigue 
de la douleur. Ceci peut arriver lors dune 
longue marche; d’une station debout exces­
sive; d’une danse mouvementee dans des 
chaussures etroites; d’une entorse en tom- 
bant; d’un coup contre un objet pointu. 
Neanmoins, la plupart des malades se 
plaignent d’une douleur debutant gradu- 
ellement et ne peuvent preciser les 
circonstances exactes du debut du mal.
Localisation de la douleur.—Comme 
explique plus haut, on peut rencontrer la 
maladie de Morton dans n’importe quel 
espace interdigital. En effet, on l’a re- 
trouvee au 2, 3 et 4eme espace; Morton3 
a decrit la maladie dans le 4eme espace.
Le 3eme espace est la region la plus 
basse d’un avant-pied a arc metatarsien 
renv.erse et justement, cette region est la 
plus souvent affectee. Apres le 3eme 
espace, c’est le 2eme qui se trouve plus 
frequemment atteint.
La douleur debute derriere les tetes 
metatarsiennes28 dans l’espace interdigital 
de la surface plantaire. Elle irradie surtout 
vers les extremites des orteils correspon- 
dants et souvent aussi, vers la face dorsale 
ou a travers toute la surface plantaire.
Des crampes severes peuvent irradier en 
arriere du membre inferieur, allant meme 
jusqu’a la hanche.
II. Diminution de la sensibilite
Comme on peut prevoir apres une 
degenerescence du nerf interdigital, l’anes- 
thesie sera constatable surtout au creux 
plantaire des orteils et pourra s’etendre 
eventuellement a la surface plantaire des 
orteils et au creux interdigital, face dorsale. 
Cette alteration de la sensibilite peut etre 
examinee a l’epingle et varie d’une hypo- 
esthesie a une anesthesie complete.
Des paresthesies peuvent aussi etre ren- 
contrees.16
III. Douleur a la pression
Parfois la douleur n’est pas trop pro- 
noncee et le malade montre le point 
sensible. Mais la plupart du temps, la pres­
sion d’un objet obtus reproduira une 
douleur vive et caracteristique, avec irradia-
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tion vers les orteils, a tel point que certains 
malades refusent cet examen.20 Le fait de 
serrer la main autour de l’avant-pied pro- 
voque les memes douleurs.
IV. Presence cl’une tumeur
Une masse peut parfois etre sentie par 
le malade lui-meme et elle est decrite 
comme une sensation de “quelquechose 
la” “qui pousse les orteils a part”. Etant 
donne que la plupart des specimens sont 
petits (0.5 cm. en diametre) et les lesions 
anciennes, une luxation entre les metatar - 
siens peut se produire, comme explique par 
Mulder,13 et cette masse ne pourra etre 
palpee. Mulder a decrit un test clinique 
pour des lesions anciennes et de grandes 
dimensions: pendant que la main gauche 
comprime l’avant-pied, une pression, a la 
plante du pied a 1’espace interdigital 
affecte, avec le pouce droit, luxera une 
tumeur dure entre les tetes metatarsiennes 
dans l’espace bursal. Ceci donnera un 
craquement sonore, a la palpation de 
l’orteil, associe a la douleur caracteristique.
Nous n’avons jamais eu la chance de 
sentir une telle tumeur.
V. Radiographie du pied
Elle est habituellement normale, sauf 
pour des troubles associes,25 i.e. pied de D. 
J. Morton (metatarsien court et hyper- 
mobile ) ou bien lors d’osteoarthrite 
degenerative. S’il y a eu traumatisme aigu 
a 1’avant-pied, elle peut montrer une 
ancienne fracture (Groupe I, cas 10). II 
est rare qu’une tumeur soit assez grosse 
pour causer un ecartement des tetes meta­
tarsiennes, visible a la radiographie.16
VI. M aladies associees: diagnostics 
differentials
Pieds plats—obesite—chevauchement des 
orteils.—Mentionnons ici, qu’un arc meta­
tarsien renverse peut etre la cause de 
callosites tres douloureuses au niveau des 
2, 3 et 4eme tetes metatarsiennes.
Entre les nombreux diagnostics differen- 
tiels a faire, nous remarquons une par­
ticular! te: 1’hyperplasie du corpuscule
tactile de Paccini. Nous avons remarque 
un malade qui presentait les signes clini-
ques habituels de la maladie de Morton; 
lors de 1’exploration chirurgicale, l’aspect 
macroscopique nous semblait curieux et 
c’est l’examen histologique qui nous a 
procure le diagnostic exact ( Groupe V, 
cas 1).
VII. Incidences
Incidence d ’dge.—Les malades sont des 
adultes entre 20 et 60 ans.
Incidence d e sexe.—La litterature montre 
toujours un grand pourcentage de femmes 
parmi les patients.16 Ceci est surement en 
relation etroite avec le fait que la mode est 
de porter des chaussures trop etroites et 
aussi, avec une certaine inferiorite liga- 
mentaire.13
Incidence d e maladie d e  Morton mul­
tiple.— (bilaterale ou de plusieurs orteils). 
—La maladie multiple doit etre frequente 
etant donne que, habituellement, la meme 
cause agit des deux cotes ou a travers toute 
la partie mediane de l’avant-pied.
Nous croyons que cette incidence doit 
etre plus frequente que ne le mentionnent 
certains auteurs,16 surtout parce que souvent 
les malades ne veulent pas subir une autre 
operation identique, pour une maladie 
ayant peu de symptomes residuels.
Incidence — droit — gauche. — Tous les 
auteurs s’accordent pour considerer que le 
pied droit est plus frequemment atteint. 
Ceci pourrait etre en relation avec une 
utilisation meilleure du c6te droit chez les 
etres humains.
T raitement
Le traitement de T. G. Morton en 1876 
etait l’excision de l’articulation avec les 
tissus mous d’alentour; d’apres cet auteur, 
les resultats en etaient immediats. Le 
traitement actuel, la neurectomie du nerf 
interdigital, fut pratiquee pour la premiere 
fois par Hoadley en 1893.
A.—Un traitement conservateur peut 
etre fait temporairement:
1. II consiste d’abord a interdire le port 
de chaussures etroites et a prescrire des 
chaussures speciales avec semelles correc­
tives, dans le but de distribuer egalement 
le poids du corps a travers le pied entier.
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TABLE I.
A n a ly se  d e s  O bser va tio n s  C lin iq u es
1. Nombre de malades:..........................................  26Nombre de specimens:...................................... 38Patients & maladies multiples:......................... 12(12/26 = 46%)
2. Localisation:Espace interdigital: 2feme...............................  9(9/38 = 24%)3feme...............................  274feme................................ 2Pied dro it:.........................................................  23Pied gauche:......................................................  15
3. Age au debut de la maladie:
0 - 10: 110 -2 0 : 4 La plupart des malades 20 - 30: 7 sont ages de 20 a 60 ans.30 - 40: 10 Nos extremes etaient 8 ans 40 - 50 : 7 et 59 ans.50 - 60 : 9 60 - 70: 0
4. Sexe: Femmes:..................................................  30(30/38 = 79%)Hommes:.................................................  8
5. Incidence de traumatisme aigu: 18 specimens(18/38 = 47%)
6. Maladies associees: Dans une serie plus etudifee de 12 malades, huit d’entre eux avaient des pieds plats. Plusieurs faisaient aussi du chevauchement des orteils.
G r o u pe  I
Cas 1.—J.C. (3180 - 59).
F—57 ans.Localisation.—G3—D2+3.Symptdmes.—douleurs en station debout ou h la marche.Incidence de traumatisme.—la douleur a debute aprfes une chflte sur la glace.Puree.—six moisPathologie.— (aspect macroscopique): tumefaction fibreuse (1,2x0, 6cm.).
C as 2.—S.W. (6699—53).
F—34.Localisation.—G3—D3.Symptdmes.—douleurs spontanees; elle est inca­pable de porter des souliers, mais elle peut se promener pieds nus. Sensibilite.Incidence de traumatisme.—cette femme obfese alia a une soiree dansante mouvementee. Le lende- main matin ses pieds etaient enfles et trfes douloureux. Le gonflement disparut graduelle- ment, mais la douleur persista.
C as 3.—G.P. (2933—52).
H—52.Localisation.—D3.Symptomes.—douleur.Incidence de traumatisme.—il souffrit pour la premifere fois lors d ’une excursion ayant em- pruntfe pour l’occasion une paire de bottines qui etaient beaucoup trop petites pour lui.Puree.—un an.
C as 4.—J.D. (3123—58).
F—58.Localisation.—G3.Symptdmes.—douleurs excessives, irradiant vers les orteils et s’fetendant jusqu’h la hancbe. Elle etait incapable de marcher, de sorte qu’elle passait ses journees au lit. Sensibilite intense.Incidence de traumatisme.—une vive douleur fut provoquee par un choc contre sur un caillou a la course.Puree.—un an.
C as 5.—P.C. (9350—52).
F—21.Localisation.—D3.Symptdmes.—douleur a la marche—sensibilite.Incidence de traumatisme.—le tout a debuts en patinant 1’hiver.Puree.—un an.
C as 6.—G.D. (2248—55).
H—27.Localisation.—G2—D2.Symptdmes.—douleur a la marche et a la station debout, le rendant incapable de mener une vie ordinaire—sensibilite locale.Incidence de traumatisme.—au travail, son pied avait fetfe fecrasfe et les orteils devinrent bleus. Une lfegfere douleur s’installa et s’aggrava graduellement. II observa mfeme un gonflement entre les orteils a la face dorsale. On 1’a operfe, sans sucefes. Peu de temps aprfes, les merries douleurs recommencerent et furent guferies chirurgicalement.Puree.—deux ans.
C as 7.—C.C. (4214—53).
H—21.Localisation.—G3—D3.Symptdmes.—douleurs et sensation de brhlure avec elancements vers les orteils. Ces douleurs cessent lorsqu’on enlfeve les chaussures—incapacity pour la marche.Incidence de traumatisme.—il a note la premifere douleur en faisant de la drave.Purde.—trois ans.
C as 8.—V.L. (8758—60).
F—44.Localisation.—D2 +3.Symptdmes.—brulements avec elancements aux orteils, plus frequents en ete, lors de la transpi­ration—sensibilite—hypoesthesie.Incidence de traumatisme.—les douleurs ont debute en marchant dans des souliers qu’elle venait d’acheter.Puree.—15 mois.Pathologie.—(aspect macroscopique): tumefaction du nerf.
C as 9.—P.A. (2131—61).
H—41.Localisation.—D3.Symptdmes.—douleurs plantaires.Incidence de traumatisme.—accident au pied droit.Duree.—quelques annfees.Pathologie.—macroscopique: la masse mesure 0,7 x 2,4 cm. microscopique: dfegenerescence du nerf—sclferose de la media de l’artfere.
C as 10.—B.J. (2276—62).
H—54.Localisation.—D3 +4.
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Symptdmes.— douleurs continuelles sous forme de 
brulure qui augmentent a la marche surtout 
s’il marche sur un objet qui comprime le troi- 
sifeme espace.
Anesthesie a la face plantaire des orteils 2 et 3, 
qui sont soudcs.
Incidence de traumatisme.—ce malade a eu un 
accident a l’avant-pied il y a deux ans: un poids 
de 250 lbs lui est tomb6 sur le pied. La radio- 
graphie montre encore une ancienne fracture au 
col du 3e mdtatarsien, consolidfie en excellente 
position.
Apres un traitement conservateur en 1961 (radio- 
therapie durant 1 mois, infiltrations lombaires) 
il a pu reprendre son travail, mais, aetuellement 
ses douleurs reprennent et empirent graduelle- 
ment.
Duree.— deux ans.
Pathologie.— macroscopique: les ligaments inter- 
metatarsiens sont considerablement epaissis. 
Les nerfs intermetatarsiens IV et III sont 
oed6mati<is.
Groupb II
Cas 1 —M.B. (4867—59).
F— 15.
Localisation.— D2.
Symptdmes.— douleurs tres intenses, s’irradiant 
vers les orteils et persistant environ huit jours, 
si la malade reste au lit et sinon quinze jours.
Gonflement et sensation “ que les orteils s’ecar- 
tent” — Sensation de “ quelque chose qui grouille 
a l’interieur” et de “ descente des os”  quand 
elle met le pied par terre— ne peut porter de 
hauts talons.
Incidence de traumatisme.— choc de la face plan­
taire du pied contre une caisse.
Duree.— sept ans.
Pathologie.— (aspect macroscopique): masse angio- 
mateuse avec foyers de thromboses reeentes et 
anciennes.
Groupe III
Cas 1.— L.P. (8367— 55).
F— 59.
Localisation.— D4.
Symptdmes.— douleurs intenses— anesthesie de 
l’espace interdigital— pieds plats.
Traitement conservateur.— (la malade est diabeti- 
que; la circulation aux membres est mauvaise) 
semelle orthopedique et innophorhse de salicy­
late de soude.
Groupe IV
Cas 1.— A.G. (4110— 56).
F—48.
Localisation.— G3.
Symptdmes.— douleurs debutant par une sensation 
de brulure, gonflement et rougeur de tout le pied 
lors des attaques— ne peut porter souliers—  
sensibilite.
Duree.— six mois.
Cas 2.— C.A. (7699— 53).
F—40.
Localisation.— D3— G3.
Cas 3.— E.C. (530— 53).
F— 55.
Localisation.— D3.
Cas 4 —L.L. (4735—58).
F— 12.
Localisation.— G3.
Symptdmes.— douleurs en crampes ou en elance- 
ments, s’aggravant graduellement— sensibilite 
— ne peut marcher sur ce pied.
Duree.— six mois.
Cas 5 — R.O. (9928—53).
F— 51.
Localisation.— G3.
Symptdmes.— douleurs a chaque pas sur ce pied—  
sensibility provoquant des attaques doulou- 
reuses.
Duree.— trois ans.
Cas 6.— G.L. (2378— 53).
F— 51.
Localisation.— G3.
Pathologie.— (aspect macroscopique): tumeur de 
la grosseur d ’un pois.
Cas 7.— T.G. (9677— 52).
F— 25.
Localisation.— G3.
Symptdmes.— douleur exageree 5, la marche et a 
la station debout— gonflement du pied lors des 
attaques.
Duree.— un an.
Cas 8.— L.L. (779— 53).
F— 50.
Localisation.— _
Cas 9.— G.J. (4618— 53).
F— 60.
Localisation.— G3.
Symptdmes.— douleurs s’elangant vers les orteils—  
ne peut porter des souliers ni marcher.
Duree.— cinq ans.
Cas 10.—P.L. (5693—55).
F— 33.
Localisation.— D 2+ 3 .
Symptdmes.— douleurs & la marche et a la station 
debout— ne supporte pas les souliers.
Duree.— cinq ans.
Cas 11.—M.B. (2422—55).
F— 29.
Localisation.— D2— G2.
Symptdmes.— douleurs a la marche et a la station 
debout— pas de douleur pieds nus.
Duree.— un an.
Pathologie.— (macroscopique): rien de special.
(microscopique); degenerescence, stade 1 pour les 
arteres et les nerfs.
Cas 12.—F.C. (4157— 61).
F— 36.
Localisation.— D3— G3.
Symptdmes.— douleurs aux avant-pieds sous forme 
de chocs electriques et provoquees par la marche 
en souliers: elle marche sur les talons pour 
dviter la douleur; douleur a la palpation.
Duree.— deux mois.
Pathologie.— (macroscopique): nerf tumefie et trhs 
adherent.
(microscopique): arteriosclerose de l’artere—
degenerescence et fibrose des elements nerveux.
Cas 13.—L.M. (2225—61).
F— 52.
Localisation.— D2.
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Symptdmes.—douleur au pied, exagdree par la 
marche, mais existant meme au repos; douleur 
a la palpation.
Radiographie du pied: hallux valgus; decalcifica­
tion des avant-pieds.
Duree.—deux ans.
Pathologie.— (macroscopique): faisceau neurovas- 
culaire augments de volume et indure.
(microscopique): atheromatose de l’intima et 
sclerose de la media des vaisseaux avec lesions 
des vasa-vasorum—sclerose du tissu nerveux.
Cas 14.—A.L. (9679—54).
F —31.
Localisation.—D3—G3.
Symptdmes.—douleurs intenses—arcs metatar- 
siens renvers6s et callosites.
Gkoupe V
Cas 1.— D .E. (380—61).
F —72.
Localisation.—G3.
Symptdmes.—douleurs intermittentes avec elance- 
ments vers les orteils, debutant a la station 
debout et disparaissant au repos—sensibilite 
locale.
Duree.—un mois et demi.
Pathologie.— (macroscopique): tumeur siegeant 
au 4hme nerf digital plantaire.
(microscopique): hyperplasie du corpuscule de 
Paccini.
Remarque.— Cette entite est mentionnee comme 
diagnostic differentiel et n’est done pas un cas 
de maladie de Morton.
2. Etant donne que les dommages neuro- 
vasculaires sont definitifs, on peut seule- 
ment traiter les reactions inflammatoires 
associees, presentes apres des attaques 
douloureuses recentes.
Nous avons utilise dans un cas 1’iono- 
phorese de salicylate de soude, avec bon 
resultat. Une infiltration aux corticoste- 
roldes supprime le facteur inflammatoire 
et donne de bons resultats temporaires.
B.—La chirurgie reste le traitement de 
choix, donnant une guerison radicale et 
immediate. Elle consiste dans la neurec- 
tomie du nerf interdigital, resequant ainsi 
le vaisseau infarci et les portions du nerf 
ischemique.
Comme la plupart des precedes chi- 
rurgicaux, les details techniques peuvent 
varier. Trois voies d’abord sont possibles 
et ont ete pratiquees. McElvenny9 disse- 
quait au creux des orteils, tandis que la 
plupart des chirurgiens font leur incision 
a la face plantaire.8’ 13’20 Comme Nissen 
l’explique, cette voie d’approche donne une 
bonne vue sur tous les elements de la
region. Eventuellement, par cette incision 
on pourrait faire une correction de Fare 
metatarsien en imbriquant l’aponevrose 
plantaire, comme pratique par School- 
field.14 Neanmoins, d’accord avec Mc- 
Keever,24 nous evitons les incisions plan- 
taires, puisque 1’incision dorsale est aussi 
avantageuse. La surface peut etre preparee 
avec plus de soin, ce qui evite une cicatrice 
douloureuse a la plante du pied.
Complications de la chirurgie
1. Anesthesie partielle ou totale dans 
l’espace interdigital et a la partie plantaire 
des orteils environnants.
2. Chirurgie trop conservatrice: (a) Ex­
ploration de respace sans decouverte du 
specimen pathologique.20 (b) Ablation 
partielle du faisceau neurovasculaire, lais- 
sant une portion malade. (c) Plusieurs 
espaces sont affectes mais un seulement est 
explore.
3. Apparition d un nevrome traumatique, 
qui, du a la presence d’une region de 
pression, donne un syndrome egalement 
douloureux. Mulder13 a suggere de couper 
le nerf un peu au dela du ligament trans­
verse intermetatarsien.
4. Douleurs idiopathiques qui disparais- 
sent habituellement apres un certain temps 
et qui sont d’origine centrale ou dues a 
des spasmes vasomoteurs persistants.
5. Toutes les complications habituelles 
de chirurgie: c.a.d. hemorragie, infection.
C onclusion
Pour terminer, nous aimerions decrire 
ici la maladie de Morton comme une 
sclerose post-traumatique et progressive de 
l’artere plantaire interdigitale, avec dege- 
nerescence postischemique et hyperplasie 
fibreuse du nerf correspondant.
Notre definition est done: fibrose neuro­
vasculaire de l’avant-pied.
Resume
La Maladie de Morton est une lesion 
degenerative du nerf interdigital, due a 
une pathologie vasculaire deja suggeree par 
Nissen.
Nous demontrons que la lesion vasculaire 
resulte d’un traumatisme mecanique des 
vasa-vasorum de I’artere interdigitale.
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Nous faisons une correlation entre la 
Maladie de Morton et l’ensemble des 
maladies de l’avant-pied communes chez 
les porteurs de chaussures trop etroites, 
bien que ceci ne constitue pas la seule et 
unique cause.
Nous presentons une etude portant sur 
38 specimens et nous discutons nos obser­
vations.
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S u m m a r y
Morton’s disease is a degenerative lesion of the 
interdigital nerve, secondary to vascular pathology 
as first suggested by Nissen. It has been demon­
strated that the vascular lesion is the result of 
mechanical injury to the vasa vasorum of the 
artery. Morton’s disease is correlated with the 
group of disorders commonly found in wearers 
of ill-fitting shoes, although this is by no means 
the only cause. Thirty-eight cases are presented 
and our observations are discussed.
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LIGATION OF THE INFERIOR VENA CAVA®
S. E. CARROLL, B.A., M.D., F.R.C.S.[C],f J. C. COLES, B.A., M.D., F.R.C.S.[C],t 
N. GERGELY, M.D.§ and C. C. ROSS, O.B.E., M.D., F.R.C.S.(Ed.), F.R.C.S.[C],ff
London, Ont.
Interruption  of the principal channel for 
the return of venous blood from the lower 
half of the body is occasionally indicated, 
chiefly for the prevention of recurrence of 
pulmonary embolism. The first recorded 
case was that of Trendelenburg in 1911.10 
Several series have been reported since that 
time,1’ 7 yet general agreement has not been 
achieved regarding the specific indications 
for the procedure or the risk of complica­
tions.
R atio n ale  for the O peration
The inferior vena cava conveys blood 
from both common iliac veins to the right 
atrium, receiving contributions from the 
lumbar, renal, genital and hepatic veins in 
transit.
Obstruction of the renal veins may be 
fatal. Therefore, the position of the kid­
neys must be verified and the ligature 
placed caudal to both renal veins. The first 
and second lumbar veins may enter the 
azygos or hemiazygos systems. The optimum 
site for ligation is caudal to the third lum­
bar vein (Fig. 1) to allow blood to re-enter 
the inferior vena cava.
The etiology of venous thrombosis re­
mains unsolved. Stasis, hypercoagulability 
and damage to the vein wall form the 
classical triad. The sinister shadow of pul­
monary embolism has long been recog­
nized on surgical and obstetrical wards, 
but more recently has been identified in
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obscure chest diseases, sudden death in 
cardiac patients, and as a cause of pulmon­
ary hypertension.
The site and extent of venous throm­
bosis are relevant to this discussion. Vari­
ous studies with diverse conclusions have 
been published.6’ 810 The investigations of 
McLachlin and Paterson6’ 11 indicated that 
49% of thrombi arise above the usual site 
of ligation of the superficial femoral vein, 
and 44% are bilateral. From this evidence, 
the inferior vena cava is considered to be 
the lowest level for effective blocking of 
emboli. Ligation should be cephalad to 
any demonstrable thrombus, remembering 
that it is possible to extract an occluding 
thrombus from the inferior vena cava at 
the time of operation.
Superficial phlebitis, which is progressive 
in spite of treatment, will occasionally war­
rant saphenous ligation.
Distension of the vena cava and the right 
atrium increases the pulse rate through the 
Bainbridge reflex. If the filling pressure of 
the right ventricle exceeds a certain op­
timum level, the output of the right ven­
tricle will decrease (Starling curve). De- 
Balzac2 has recommended ligation of the 
inferior vena cava for the treatment of con­
gestive heart failure, but this is not uni­
versally accepted.
Anticoagulant drugs are now available 
in wide variety at reasonable cost and most 
hospital laboratories have adequate facili­
ties for the control of this therapy. Com­
plications of anticoagulation are infrequent­
ly serious and therefore most cases of 
venous thrombosis or pulmonary embolism 
should be treated in this manner.
Ligation of the inferior vena cava should 
be restricted to those who suffer recurrent 
embolism in the face of adequate anti­
coagulation, or when treatment with antico­
agulants is contraindicated or impractical. 
Special problems arise following ocular, 
neurosurgical and transurethral procedures.
Septic pelvic thrombophlebitis is rare in 
Ontario. Several reports indicate that caval
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Fig. 1.—Collateral circulation of the inferior vena cava.
ligation can be life-saving. The ovarian 
veins must also be tied.
Prophylactic ligation may be considered 
at the time of laparotomy for other con­
ditions when the risk of embolism is great; 
for instance, in a patient with previous pul­
monary emboli.
During the operative treatment of 
trauma, tumours and fistulas involving the 
inferior vena cava, this structure will occa­
sionally require ligation. In most cases, 
however, repair of the vein with proper 
technique will be possible if adequate ex­
posure is obtained. This is preferable.
Technique of Operation
The extraperitoneal approach with a 
transverse muscle-splitting incision is 
recommended for the majority of cases. It 
is desirable to preserve the connections 
between the inferior and superior epigas­
tric vessels. A midline incision is preferable 
when laparotomy is required for other rea­
sons; for example, when the left ovarian 
vein is to he ligated.
Since the advent of muscle relaxants, 
light general anesthesia is usually best, 
provided that proper anesthetic facilities 
are available. Spinal or epidural anesthesia 
may be quite satisfactory.
Adequate exposure and gentle dissection 
are mandatory. Hemorrhage from a torn 
lumbar vein is the greatest risk of the op­
eration and may be controlled with pres­
sure until appropriate remedial action can 
be taken.
The choice of ligature material rests with 
the surgeon. Catgut has been recommend­
ed for acute cases, but experimental liga­
tion in dogs in this laboratory has failed 
to demonstrate recanalization up to six 
months (Fig. 2 ).
Incomplete occlusion has been recom­
mended in the hope of preventing throm­
bosis adjacent to the ligature. This may be 
accomplished by setting the ligature over 
the tip of a curved forceps, which is later 
removed.
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Fig. 2.—Angiograms of inferior vena cava of a dog (a) one month and (b) six months after 
ligation with catgut.
Results of Operation Upon 35 
Patients
TABLE I.—I n d ication s fo r  Oper a tio n  
in 35  P a t ie n t s
Pulmonary embolism...............................................  31
On anticoagulants...............................  4
Aortic aneurysm.......................................................  1
Gastrectomy after recurrent pulmonary
embolism..............................................................  1
Total gastrectomy.................................................... 1
Iliac vein thrombectomy........................................  1
Thirty-five patients have been operated 
upon by the senior authors to date. There 
were 27 males and eight females. The 
male predominance may be explained by 
the inclusion of many cases from a veter­
ans’ hospital.0 Thirty-two of these patients
“Westminster D.V.A. Hospital, London, Ont.
had recurrent pulmonary emboli, four of 
whom were on anticoagulant treatment at 
the time of embolisation. Additional indica­
tions were iliac thrombectomy, excision of 
aortic aneurysm, gastrectomy in a patient 
with “recurrent pneumonia”, and a total 
gastrectomy for carcinoma.
TABLE II.— I n cid en c e  o f  T h r o m bo p h l eb it is
Preoperative.............................................................. 18
Postoperative............................................................  9
The incidence of thrombophlebitis in 
this group is interesting. Eighteen of these 
35 patients had phlebitis preoperatively. 
Seven of these developed a recurrence of 
the phlebitis in the early postoperative 
phase.
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TABLE I I I .— I n ciden ce  o f  L e g  E dem a  a t  L a st  
F o ll o w -U p  E x a m in a t io n
Preoperative............................................................... 21
Postoperative—absent.............................................  18
slight............................................. 5
moderate to severe.......................  12
Any evidence of leg pain or swelling 
was regarded as evidence of postoperative 
phlebitis. Such evidence developed early 
in nine patients and had subsided within 
two weeks in five of these. Two patients 
have had recurrent episodes of thrombo­
phlebitis.
Anticoagulant therapy was stopped at 
the time of operation in all patients and 
was used again in only five. Two patients 
received anticoagulant therapy in hospital 
for short periods for phlebitis. Anticoagu­
lant drugs were administered to one patient 
for four months postoperatively. Two pa­
tients received similar treatment during 
subsequent admissions for thrombophle­
bitis.
Fear of the development of permanent 
swelling of the legs is a major deterrent 
to this operation. While swelling has been 
common in the early postoperative period, 
18 of these 35 patients had no leg edema 
at the last follow-up examination. Another 
five were noted to have minimal or slight 
edema.
Twenty-one patients had swollen legs 
before ligation and of these, 12 had late 
postoperative edema. Nine had less edema 
at the last follow-up than before the opera­
tion.
Leg edema was maximal in the early 
postoperative course, particularly if pre­
existing phlebitis flared up. The edema 
gradually decreased over months or even 
years. Two patients had more edema after 
ligation than before but the rest were no 
worse in this respect in the long view.
Most of these patients were seriously ill 
before ligation, many of them for years. 
Several of these patients have been able 
to return to useful employment. Most have 
no more disability after operation than be­
fore, although compression by bandaging 
has been recommended routinely. Upon 
this evidence is based the conclusion that 
the final condition of the legs depends 
chiefly upon the antecedent status of the 
collateral veins.
TABLE IV.— C auses o f  D e a t h
Postoperative
time
Cerebral vein thrombosis.........................  7 days
Coronary thrombosis.................................  4 weeks
Congestive heart failure............................ 3 months
Carcinoma of bladder et sequelae............. 1 month
In this series, various complications have 
been encountered. Hemorrhage, postopera­
tive phlebitis, minor wound infections and 
intestinal obstruction have occurred and 
were managed by standard procedures. 
One death from cerebral vein thrombosis 
occurred seven days after operation; an­
other at four weeks from the sequelae of 
cystectomy for carcinoma. One patient died 
of coronary thrombosis and the fourth from 
congestive heart failure three months after 
operation (Table IV ).
After considering the serious preopera­
tive condition of these patients, the mor­
bidity and mortality are considered accept­
able.
TABLE V.—D u r a tio n  of P o s t o p e r a t iv e  
F o l l o w -U p St u d y
Patients
Under one month............................................  5
2 - 6 months................................................... 7
7 - 1 2  months................................................... 6
1 -  2 years....................................................... 7
2 -  5 “    5
5 - 1 0  “    2
10+ “    3
In a referral centre, follow-up care is 
often left to the discretion of the family 
doctor, and if no difficulties arise, the sur­
geon will not see the patient after dis­
charge from hospital. The four hospital 
deaths are included in Table V, as well as 
five later deaths, two of which occurred in 
under one year. No patient died from pul­
monary embolus in this series.
D iscussion
The related problems of venous throm­
bosis and subsequent pulmonary embolism 
remain a source of concern to both intern­
ist and surgeon. Many sites of origin and 
causal factors have been described by dif­
ferent authors. Valve pockets with eddying 
currents are frequent points of initiation 
(Fig. 3). The bland thrombus (phlebo-
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Fig. 3.—Thrombus in valve pocket.
thrombosis) is friable, silent and sinister. 
Influenced by the unpredictable nature of 
the disease, ligation of the distal inferior 
vena cava is recommended as the opti­
mum site. For the anatomical reasons cited, 
the ligature ideally should be below the 
third lumbar vein.
It is now well known that phlebitis is 
frequently not demonstrable at the time of 
pulmonary embolization. After fractures, 
plaster of Paris may conceal phlebitis. A 
local recurrent phlebitis may be deep- 
seated or may produce very slight edema.
The diagnosis of pulmonary embolism 
presents many problems. The acute case
with typical symptoms, signs and radiolog­
ical findings is easy to identify. The chron­
ic recurrent type may be less obvious. 
Two of these patients had been treated in 
a sanatorium as suspect cases of pulmonary 
tuberculosis. Several of these cases had been 
labelled recurrent coronary thrombosis. A 
skeptical attitude is warranted.
DeWeese3a has recorded the pressure in 
the vena cava distal to the site of the liga­
ture both experimentally and clinically. He 
found a definite correlation between a high 
distal pressure and subsequent edema or 
superficial ulceration of tire legs. Along with 
several other authors,3b we believe that the 
preoperative condition of the collateral 
veins is the critical factor in determining 
the final condition of the legs. Measuring 
the pressure at operation would indicate 
the adequacy of these channels and the 
chance of later edema, but would probably 
not alter the surgical procedure.
Summary
Ligation of the inferior vena cava is 
recommended for recurrent pulmonary em­
boli when anticoagulation is not feasible. 
The indications should be stringent. The 
mortality and morbidity are acceptable. 
Late edema is not invariable (absent in 
50% of the present series) and is prede­
termined by the extent of the disease neces­
sitating inferior vena cava ligation.
The authors acknowledge a debt of gratitude 
to the Superintendents of St. Joseph’s, Westmin­
ster D.V.A. and Victoria Hospitals, London, Ont.
Fig. 3 is reproduced from Surg. Gynec. 
Obstet., 98 : 96, 19.54, with the kind permission 
of the authors, Drs. J. C. Paterson and J. A. Mc- 
Lachlin, and the publishers, The Franklin H. 
Martin Memorial Foundation.
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Resume
L’interruption du chemin de retour qu est la 
veine cave inferieure est indiquee comme preven­
tion des accidents d’embolie pulmonaire. En effet, 
cette veine rassemble le sang en provenance des
deux veines iliaques communes et regoit des 
branches renales, genitales et hepatiques le long 
de son trajet. La ligature des veines renales doit 
etre evitee car elle s’accompagne d’accidents 
graves. L ’indication de la ligature de la veine 
cave est limitee: on dispose maintenant d’une 
grande variete de substances anticoagulantes qui, 
administrees correctement sous un controle effi- 
cace, donnent de bons resultats dans la preven­
tion des embolismes. L ’operation sera reservee aux 
cas de recidives, ou bien elle pourra etre effec- 
tuee d’emblee chez des malades connus comme 
sujets aux embolismes. Du point de vue tech­
nique, l’ancsthesie pourra etre legere si on lui 
associe les curarisants; l’anesthesie epidurale donne 
de bons resultats. Autant que possible, on utilisera 
comme voie d’acces une incision laterale menant 
a une dissection retroperitoneale de la veine; le 
materiel de ligature peut etre indifferemment re­
sorbable ou non. Les auteurs presentent une 
statistique portant sur 35 cas personnels, parmi 
lesquels 27 hommes et huit femmes. Trente-deux 
de ces malades presentaient un syndrome d’em- 
bolismes a repetition. Apres la ligature de la veine 
cave, il peut se produire un oedeme des membres 
inferieurs, mais ce trouble disparait toujours apres 
un temps variable (de quelques jours a quelques 
annees). Dans la serie presentee ici, il y eut une 
mort post-operatoire au septieme jour ( due a une 
thrombose cerebrale) et une seconde (complications 
d’une cystectomie pour cancer), a la quatrieme 
semaine.
PANCREATIC ABSCESS*
A Report of Two Cases
J. A. MacDONALD, M.D., F.R.C.S.[C] and W . K. W ELSH, M.B., F.R.C.S.JC], Toronto
There is little detailed information in the 
surgical literature on the treatment of ab­
scess of the pancreas in spite of the fact 
that it accounts for nearly 30% of the 
deaths due to acute pancreatitis.1 In addi­
tion, little stress has been laid on diag­
nosis which, if made promptly and accur­
ately on the basis of thorough clinical and 
radiological examinations, will result in the 
institution of early surgical treatment with 
a subsequent decrease in mortality.
Pancreatic abscess is a complication of 
acute pancreatitis in approximately 11%  
of cases.1’ 2 The condition accounted for 
12 of 84 cases of retroperitoneal abscess 
involving the anterior retroperitoneal space 
in Altemeier and Alexander’s3 series. The 
abscess probably results from a combina-
6 Department of Surgery, St. Michael’s Hospital, 
Toronto.
tion of obstruction with superadded infec­
tion followed by necrosis and liquefaction 
of pancreatic tissue. This loculus of retro­
peritoneal suppuration accounts for the 
clinical findings of fever, leukocytosis and 
abdominal tenderness with or without the 
findings of an abdominal or left flank 
mass. These findings generally become 
manifest during the second or third week.
The clinical findings may be attended 
by persistent elevation of serum amylase, 
although normal levels may be obtained 
in the presence of extensive pancreatic de­
struction. Additionally, elevated blood glu­
cose levels and glycosuria may herald the 
onset of intractable diabetes mellitus.
Death may result from rupture of the 
abscess into the peritoneal cavity with peri­
tonitis,1 extension of the abscess into the 
mediastinum,4 or gastrointestinal hemor­
rhage from ulceration of the stomach or
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duodenum.1 Spontaneous ruptures of the 
abscess into the stomach,5 duodenum,6 and 
colon7 have been reported.
Radiological studies are of considerable 
value in these patients. Standard plain films 
of the abdomen supplemented by an upper 
gastrointestinal series, with emphasis on 
the lateral film, are most helpful in the 
diagnosis of this condition. Pancreatic ab­
scess may present as a large cavity with an 
air-fluid level or a unilocular gas-containing 
cavity. A collection of gas bubbles is an­
other of the radiographic signs of pancre­
atic abscess. When one is aware that a 
myriad of gas bubbles occur in pancreatic 
abscesses and when such a collection dis­
places the stomach forward, depresses the 
colon or alters the duodenal contour, the 
result is highly suggestive of pancreatic 
abscess. The gas is presumably of bacterial 
origin.8
Differential diagnosis of clusters of gas 
bubbles on plain roentgenograms of the 
abdomen must include entrapped air m 
the fecal contents of the colon or ingested 
food particles in the stomach. Pancreatic 
collections of gas bubbles shift little on the 
upright or decubitus films and tend to re­
main in the same position for long periods 
of time. Less commonly, multiple bubbles 
of gas may occur in almost any abdominal 
abscess (renal, perirenal, psoas, abdominal 
wall, pericholecystic, retroperitoneal and 
peridiverticular) and must be differentiated 
from pancreatic abscess. Rarely, the con­
dition, pneumatosis cystoides intestinalis, 
may simulate the gas bubbles of pancre­
atic abscess.
Felson8 reported six cases of gas abscess 
of the pancreas and emphasized the radio­
logical features. Agnos and Holmes9 subse­
quently reported two cases with similar 
roentgenographic findings and presented a 
comprehensive review of the literature.
Recently, within a short period of time, 
two patients have been encountered with 
pancreatic abscess, diagnosed with confi­
dence on the basis of the above radiolog­
ical sign in conjunction with the clinical 
and laboratory findings. The abscess was 
confirmed at laparotomy in both cases. In 
view of the importance of this as a diag­
nostic sign, it was considered desirable to 
report the following two cases.
C ase R epo rts
C ase 1.— J.M ., a 57-year-old man, was ad­
mitted to St. Michael’s Hospital on December 
28, 1960, with complaints of severe upper 
abdominal pain associated with diarrhea. The 
patient, a bartender, stated that he had devel­
oped “intestinal flu” two weeks before ad­
mission which subsided after one week of 
medication. Twenty-four hours before admis­
sion, the patient first noted the onset of severe 
generalized crampy abdominal pain. There 
was no radiation of the pain to the shoulders, 
back or groin. In addition, he complained of 
bloating and belching for which he took al­
kalis, aspirin and alcohol without relief. The 
pain increased in severity; he felt nauseated 
and vomited a small amount. He was unable to 
lie still and he walked around to obtain relief. 
He denied having hematemesis or melena; 
there were no respiratory or genitourinary 
complaints.
On physical examination the patient was 
noted to be acutely ill and in marked distress. 
His temperature was 98° F. Examination of 
the head and neck was within normal limits; 
the sclerae were not icteric, and the chest 
was clear to percussion and auscultation. The 
heart sounds were normal and no murmurs 
were heard. The rate was regular at 84/min.; 
his blood pressure was 135/85 mm. Hg.
Marked guarding in both upper quadrants 
with minimal guarding in the lower quadrants 
was noted on abdominal examination. There 
was generalized tenderness and rebound ten­
derness in the upper abdominal quadrants. 
Bowel sounds were faint and infrequent. Rec­
tal examination was negative. No masses were 
felt. Examination of the genitourinary system 
was within normal limits. The remainder of 
the physical examination, including neurolog­
ical, was negative.
Laboratory examinations provided the fol­
lowing results. The hemoglobin was 13.5 g. 
and the leukocyte count, 17,300/c.mm. The 
urinalysis showed an occasional leukocyte; al­
bumin, 1 plus, and negative sugar. The serum 
amylase was 1170 Somogyi units (normal 
range 80-180). The serum bilirubin was 2.0 
mg. and the alkaline phosphatase level, 16.9 
units.
Treatment and Course in Hospital
A plain film of the abdomen demonstrated 
no evidence of free air beneath the diaphragm. 
There was no evidence of bowel obstruction.
The patient was given morphine sulfate, 
intravenous fluids and electrolytes, and started 
on Wangensteen suction. Chloramphenicol was 
given intravenously, 3 g. daily.
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Following the institution of the above ther­
apy, the patient felt remarkably improved; 
abdominal tenderness was considerably less 
and no rebound tenderness was elicited. The 
serum amylase fell to 451 units on the day 
after admission. Serum calcium was 8.6 mg. %.
Over the course of the next two weeks the 
patient’s temperature was between 100° to 
101° F .; however, the serum amylase con­
tinued to fall and 12 days after admission was 
121 units.
At that time a palpable mass was first felt 
in the epigastrium to the left of the midline; 
it was smooth, rounded and slightly tender. 
A gastrointestinal series demonstrated an ex­
trinsic mass which displaced forward the distal 
end of the stomach and the lower portion of 
the duodenum. There was non-visualization 
of the gallbladder on an oral cholecystogram. 
Multiple gas bubbles were observed in the 
region of the mass.
Two weeks after admission, the gastrointes­
tinal series was repeated (Fig. 1) and this 
again disclosed multiple small air bubbles in 
the left upper abdominal quadrant extrinsic 
to the gastrointestinal tract. These air bubbles 
were presumed to lie in the extrinsic mass 
which had caused displacement of the stom­
ach and were thought to be representative of 
an abscess of the pancreas. A barium enema 
the following day showed downward displace­
ment of the left half of the transverse colon. 
A plain film a day later revealed enlargement 
of the mass with extension upwards beneath 
the left hemidiaphragm and downwards, reach­
ing nearly to the iliac crest. Clinically the pa­
tient’s general condition deteriorated; his body 
temperature was 101° F .; he had marked 
abdominal tenderness and an enlarging mass.
A laparotomy was performed on January 
14, 1961. The stomach was displaced far for­
ward with the gastrocolic omentum forming a 
broad band inferior to the greater curvature 
of the stomach. The gastrohepatic omentum 
was similarly tented by the mass. A needle 
was inserted into the lesser sac along the lesser 
curvature and 500 c.c. of creamy, yellowish- 
brown pus and a large amount of air were 
aspirated. Adequate drainage could not be 
achieved through this area; therefore the an­
terior wall of the stomach was opened and 
drainage was effected through the posterior 
wall of the stomach. Another 500 c.c. of pus 
and 300 c.c. of air were removed from the ab­
scess along with the fragments of necrotic pan­
creatic tissue.
The incisions in the anterior and posterior 
walls of the stomach were closed; two large 
Latex drains were passed into the abscess
Fig. I .—Case 1. (a ) A collection of gas bubbles 
in an abscess lying behind the stomach, demon­
strated by a gastrointestinal series, (b ) Multiple 
gas bubbles can be seen within a mass in the left 
upper quadrant.
through the gastrocolic omentum and a Pen­
rose drain was inserted into the cavity through 
the gastrohepatic omentum. The drains were 
led out through stab wounds in the abdominal 
wall. The patient withstood the procedure 
well.
Culture of the pus grew S. aureus hem oly- 
ticus and S. viridans. The organisms were sen­
sitive to chloramphenicol; this drug and peni­
cillin were continued postoperatively. He 
received supplementary vitamin therapy.
The body temperature gradually returned to 
a normal level and apart from a mild staphylo­
coccal wound infection, there were no compli-
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cations and the patient improved satisfactor­
ily.
Later, the gallbladder again was not visual­
ized by oral cholecystogram, nor was it visu­
alized after intravenous cholangiography. The 
common duct was outlined and measured 7 
mm. in diameter; there was no evidence of 
duct obstruction and dye could be demon­
strated in the duodenum.
The serum bilirubin was normal (0.5 mg.) 
before discharge; the fasting blood sugar was 
118 mg. %. Repeated examination of the urine 
for glucose was negative.
Radioactive triolein absorption test was per­
formed and this was normal; xylose absorption 
was also within normal limits. The stool con­
tained 6.9 g. of fat per 72 hours (normal: 5-7 
g./day).
The drains were removed a month after 
operation after which gradual to complete 
subsidence in the amount of drainage occur­
red. He has had no recurrence of symptoms. 
He was advised to return at a future date for 
cholecystectomy.
C a se  2 .— D.S., a 57-year-old man, was ad­
mitted to St. Michael’s Hospital on January 
8, 1961, complaining of sudden sharp abdom­
inal pain of eight hours’ duration. The patient 
stated that he felt well on awakening, had a 
normal bowel movement and then ate his usual 
breakfast. After this meal he developed a 
sharp severe mid-epigastric pain without radi­
ation to the back or shoulder. The pain in­
creased in severity and about 11 a.m. he 
vomited his breakfast and a small amount of 
bile-stained material. The pain was unrelieved 
by walking about, by change in position or 
by whisky. In the afternoon the pain con­
tinued unrelieved and he vomited again. The 
pain shifted somewhat to the right of the 
midline just below the umbilicus.
The patient gave no previous history of food 
intolerance, epigastric distress, vomiting, hem- 
atemesis or melena. He admitted to being a 
heavy drinker. Functional enquiry was other­
wise negative. A history of his past illnesses 
disclosed a rib resection for empyema in child­
hood.
On physical examination, the patient was 
obese and in obvious distress. His temperature 
was 98.1° F .; his pulse was 66 and respira­
tions 20 per minute. Examination of his head 
and neck was within normal limits; the lungs 
were clear to percussion and auscultation; the 
pulse was regular and blood pressure was 120/ 
80 mm. Hg; no murmurs were noted and there 
was no evidence of cardiac enlargement or 
failure. Peripheral pulsations were forceful.
The abdomen was very rigid both in the epi­
gastrium and over McBurney’s point. No 
masses were palpable. The liver and spleen 
could not be felt. Rectal examination was with­
in normal limits. The remainder of the physi­
cal examination was entirely negative. Lowi’s 
test for pancreatic insufficiency was performed 
and this was negative.
The results of the laboratory examinations 
were as follows. Urinalysis was negative for 
albumin and sugar. The hemoglobin was 17.2 
g. and the leukocyte count, 17,600/c.mm. The 
serum amylase was 1105 units; serum calcium, 
9.4 mg. %; and Van den Bergh reaction, 1.6 
mg. Fasting blood sugar was 133 mg. %.
A preliminary flat film of the abdomen was 
taken and showed no evidence of free air 
beneath the diaphragm.
Treatment and Course in Hospital
A diagnosis of acute pancreatitis was made 
and the patient was started on intravenous 
glucose and saline; Wangensteen suction was 
also instituted. Meperidine (Demerol) and 
propantheline bromide (Probanthine) were 
administered intramuscularly; 1 g. of chloram­
phenicol was added to the intravenous infu­
sion daily.
On the day after admission, the patient’s 
oral temperature rose to 103° F., remained at 
102° F. for the next three days and slowly re­
turned to a base-line of about 100° F. The 
serum amylase fell to 220 units 10 days after 
admission; three weeks later it was 44 units.
However, in spite of marked improvement in 
his general condition as evidenced by a dis­
appearance of abdominal rigidity and a dimin­
ution in abdominal tenderness, he complained 
of persistent, deep-seated pain high in the 
epigastrium. Slight tenderness was noted on 
deep palpation in the mid-epigastrium but be­
cause of his obesity it was impossible to iden­
tify a mass.
A cholecystogram was performed but the 
gallbladder was not visualized and no radio­
paque calculi were seen. An upper gastro­
intestinal series demonstrated “deformity” and 
elevation of the stomach by an extrinsic mass 
possibly of pancreatic origin. Stippled radio- 
lucent areas were noted in the left upper 
quadrant, the appearance of which was sug­
gestive of a pancreatic abscess. On a repeat 
examination, enlargement of the mass, widen­
ing of the duodenal loop and compression of 
the greater curvature of the stomach were dem­
onstrated. There was marked anterior displace­
ment of the stomach by the mass (Fig. 2 ).
A month after admission, a laparotomy was 
performed; the gallbladder was enlarged and
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Fig. 2.—Case 2. (a ) Forward displacement of 
the stomach by a mass and multiple gas bubbles 
within the mass, (b ) Enlargement of duodenal 
loop and alteration of duodenal configuration are 
apparent.
contained numerous stones. A large mass was 
found in the left upper abdomen which ex­
tended to just below the left: costal margin 
and displaced the stomach forward and up­
ward. An aspirating needle was introduced 
through the gastrocolic omentum and thick 
yellow odourless pus was obtained. When an 
aspirator was introduced, over a litre of pus 
but no gas was removed. A finger was intro­
duced into the cavity, which was lined by vel­
vety granulation tissue. A portion of the pan­
creas felt at the inferior aspect of the cavity 
was moderately enlarged but not extremely 
hard. A large latex drain was introduced into 
the cavity, and then sutured to the gastro­
colic omentum and brought out through a 
stab wound in the left upper abdominal wall. 
Culture of the pus from the abscess grew B. 
coli, sensitive to streptomycin, chlorampheni­
col and tetracycline. The concentration of 
amylase in the pancreatic fluid was 440 units.
Postoperatively the patient did well; his oral 
temperature gradually fell towards normal but 
daily elevations up to 100° F. occurred 
for the first two or three weeks. Approximately 
300 to 400 c.c. of purulent drainage was ob­
tained for the first few days. This gradually 
subsided to about 40 c.c. of drainage daily. 
However, drainage did not cease altogether 
and it was felt necessary to keep the drainage 
tract open using a No. 14 urethral catheter, 
which was taped to the skin.
The sinus tract was injected with diatrizoate 
sodium (Hypaque) and a large irregular cav­
ity was outlined. The patient was discharged 
from the hospital on March 9, with a small 
catheter still in place in the sinus tract.
This man was followed-up regularly over 
the next three months and repeated radio­
opaque injections of the abscess cavity through 
the catheter showed no reduction in the size 
of the cavity. The changing of the abdominal 
dressings twice daily was still necessary.
Because of these factors, the patient was re­
admitted to hospital on June 10, 1961. Four 
days later his abdomen was re-explored and a 
cholecystectomy was performed. The common 
bile duct was normal on gross examination; 
no Stones were palpable within it and it was 
not explored. A metal sound was introduced 
into the sinus, and the tract was dissected out 
and divided just beneath the abdominal wall. 
The sinus tract was anastomosed to the jejunum 
Roux en-Y, in antecolic fashion. The postop­
erative course was marked by the development 
of a subhepatic abscess which responded rap­
idly to surgical drainage. The patient has 
been in apparent good health since his dis­
charge from hospital.
Su m m a r y
Two cases of pancreatic abscess have 
been presented; both  occurred in m ales, 
both of whom had a history of alcoholism. 
In  both patients there was clinical and 
laboratory evidence o f acute pancreatitis.
After an initial period of improvement, 
a mass developed in both patients; this was 
palpable in one patient and dem onstrable
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radiologically in both. In the first case, de­
terioration in the patient’s condition 
occurred coincident with the discovery of 
the mass. In the second, the patient’s con­
dition was unremarkable and the mass was 
discovered on radiographical examination.
The salient features of the roentgeno- 
graphic findings are presented. Surgical 
drainage is the treatment of choice once the 
diagnosis has been established. External 
drainage is preferred to internal drainage 
procedures.
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Resu m e
On trouve relativement peu de renseignements 
sur le traitement des abces du pancreas dans la 
litterature, bien que cette complication soit res- 
ponsable de 30%  des deces apres pancreatite 
aigue. De plus on n’a pas suffisamment insiste 
sur les signes diagnostiques: lorsque l’affection 
est reconnue precocement, la therapeutique chi- 
rurgicale peut etre parfaitement efficace. Les au­
teurs presentent ici deux cas personnels: Le pre­
mier est celui d’un homme de 57 ans admis a 
l’hopital fin decembre 1960. II presentait un syn­
drome abdominal avec douleurs diffuses, nausees, 
vomissements. Son etat general etait mauvais. 
L ’examen physique montra une defense nette dans 
les deux quadrants superieurs de l’abdomen; les 
epreuves de laboratoire montrerent une forte ele­
vation de l’amylase serique (test de Somogyi a 
1.170 unites au lieu de 80-180 normalement). 
Un traitement conservateur fut institue: perfusions 
intraveineuses, morphine, aspiration continue selon 
Wangensteen. Dans le courant de la semaine qui 
suivit, la fievre augmenta brusquement, cepen- 
dant que l’amylase serique etait tombee a 120 
unites. Une masse apparut dans la region epi- 
gastrique, legerement a gauche de la ligne me- 
diane. Au milieu de janvier on fit ime laparo- 
tomie qui permit de decouvrir, de ponctionner 
et de drainer un abces du pancreas. Le pus ainsi 
retire contenait des staphylocoques aureus, hemo- 
lyticus et viridans. Les suites operatoires furent 
sans histoire: on se propose de faire une chole- 
cystectomie a ce malade dans un temps ulterieur. 
Le deuxieme cas est celui d’un homme de 57 
ans, qui souffrait de douleurs abdominales et de 
vomissements, apparus brusquement apres le petit 
dejeuner. II presentait un mauvais etat general et 
une amylase serique & 1.105. II fut traite con- 
servativement, mais ici il n’y eut que peu de se­
dation de la douleur. Une laparotomie dut etre 
faite plus tard qui montra un abces a B. coli. 
Trois mois plus tard on effectua une cholecys- 
tectomie et le malade est actuellement en excel- 
lente sante.
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ABSENT CYSTIC DUCT: AN UNUSUAL HAZARD DURING 
CHOLECYSTECTOMY
B. LANGER, M.D., F.R.C.S.[C]* and F. G. PEARSON, B.Sc., M.D., F.R.C.S.[C],t
Toronto
Introduction
Injuries to the bile ducts during gallblad­
der operations are usually the result of ex­
cess confidence, lack o f experience, or a 
combination of the two on the operator’s 
part. In some cases, however, local ana­
tomical abnormalities may cause difficulty 
for even the careful and experienced sur­
geon. The more common anomalies have 
been described in several excellent re­
views.1'4 However, absence of the cystic 
duct is an anomaly which has not been 
emphasized in the past.
Walton, in 1921,5 reported the first case 
in which the gallbladder was interposed 
between the common hepatic and common 
bile ducts. Ten subsequent cases have 
appeared in the English medical litera­
ture.612 Three cases o f this anomaly seen 
at the Toronto General Hospital are re­
ported in this paper to illustrate the prob­
lems which may be encountered.
Case R eports
Case 1.— On September 4, 1947, Mrs. V.S., 
a 51-year-old woman was admitted with a 25- 
year history of cholecystic indigestion, three 
months of recurring biliary colic, and a pain­
ful swelling in the right upper quadrant of 
the abdomen. She was not jaundiced and an 
oral cholecystogram did not demonstrate the 
gallbladder or biliary tree.
At operation on September 15, the liver 
was enlarged and congested. The gallbladder 
was enlarged, thick-walled and tense and 
there were many local adhesions. A structure 
identified as the cystic duct, arising from the 
neck of the gallbladder, was dissected out 
with difficulty, clamped and divided. During 
the removal of the gallbladder, a second duct 
was divided and bile was noted to be coming 
from its proximal end. On probing this sec­
ond duct with sounds, it was discovered that 
the first duct was the common bile duct and 
the second duct, which had been divided, was
“ Chief Resident Surgeon, Toronto General Hos­
pital.
tClinical Teacher in Surgery, Toronto General 
Hospital and University of Toronto.
the left hepatic duct. There was no cystic 
duct, the gallbladder being adherent to the 
common duct and communicating with it 
through a small window-like opening (Fig. 1). 
The gallbladder with a small segment Of com­
mon duct was resected. The left hepatic duct 
and common duct were repaired with fine 
catgut and splinted with a T-tube brought 
out through a separate opening in the com­
mon duct. The T-tube was left in place for 
three months.
c a s e  1 c a s e  2 c a s e  3
Fig. 1.—Diagrammatic representations of the re­
lationships between the gallbladder, the common 
bile duct and the right hepatic duct in each of 
the three cases.
Subsequently, the patient developed a stric­
ture, had recurrent bouts of cholangitis, and 
was operated upon four times in the next 14 
years. She eventually developed biliary cir­
rhosis and recurring pancreatitis.
Case 2.— Mrs. R.C., a 49-year-old house­
wife, had a 24-year history of fat intolerance 
and attacks of biliary colic, and one prior epi­
sode of acute cholecystitis with jaundice. A 
cholecystogram did not result in visualization 
of the gallbladder. She was admitted during a 
second acute attack and operated upon.
At operation in October 1960, a thick- 
walled, chronically inflamed adherent gallblad­
der was found packed with stones. Dissection 
was made difficult because of adhesions at the 
neck of the gallbladder. A tubular structure 
was identified arising from the neck of the 
gallbladder, and during its dissection venous 
bleeding was encountered from some small 
vessels on its surface. Because of the difficulty 
of defining the structures in this area, a retro­
grade dissection of the gallbladder was begun 
and a second structure was found arising in
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the right lobe of the liver and apparently 
entering the body of the gallbladder. The gall­
bladder was then opened and the stones were 
removed. Exploration with a sound revealed 
that the cystic duct was absent. The first struc­
ture encountered was the common bile duct, 
the second was the right hepatic duct which 
was closely adherent to the gallbladder and 
entered a common cloaca-like space into which 
right and left hepatic ducts and the gallblad­
der emptied (Fig. 1). The gallbladder was 
then removed and the opening into the com­
mon duct closed around a T-tube (Fig. 2) 
after removing several stones from the com­
mon bile duct. The patient made an unevent­
ful recovery and has remained well.
Case 3.— J.G., a 60-year-old man with a 
long history of indigestion, had a cholecysto- 
gram performed four years previously which 
was reported to show no function. He was 
admitted with a six-month history of poor ap­
petite, epigastric pain and weight loss. He had 
become progressively jaundiced over a six- 
week period and on admission had an elevated 
serum bilirubin and alkaline phosphatase. An 
intravenous cholangiogram did not outline the 
biliary tree.
At operation in April 1961, the liver was 
found to be slightly enlarged but otherwise
normal. The gallbladder was small, thick- 
walled and buried in local adhesions which 
contained a few free gallstones indicating pre­
vious perforation. Very dense adhesions sur­
rounded the neck of the gallbladder and some 
troublesome bleeding was encountered in the 
dissection of a structure believed to be the 
cystic duct, arising from the neck of the gall­
bladder. This structure was clamped and di­
vided. Bile was noted to be coming from the 
upper cut end of this duct. The gallbladder 
was then opened and it was found that the 
divided structure was in fact the common bile 
duct, the cystic duct had been obliterated by 
a large stone impacted in the neck of the 
gallbladder and the gallbladder communi­
cated with the common bile duct by a tiny 
window (Fig. 1).
There was insufficient length of healthy 
duct for an end-to-end suture, and after 
removal of the gallbladder and a segment of 
common bile duct, a choledochoduodenal 
anastomosis was made with fine silk suture. 
The patient has subsequently been well.
D iscussion
The previously reported cases of absent 
cystic duct and the three present cases may 
be separated into two types. The common­
est type (10 out of 11 of the previously 
reported cases as well as the present Case 
2) is that in which a wide communication 
exists between the gallbladder and com­
mon bile duct. The second type is that il­
lustrated by Cases 1 and 3 in which the 
gallbladder is adherent to the common bile 
duct and communicates with it through a 
small window-like opening which takes the 
place of the cystic duct. That either of 
these situations may arise as a congenital 
anomaly cannot be disputed. It seems pos­
sible, however, that in some cases the 
anomaly arises as the result of chronic in­
flammation and either dilatation or obliter­
ation of the previously present cystic duct 
by a gallstone. In favour of the latter 
hypothesis is the observation that in every 
case there is evidence of long-standing 
inflammation and lithiasis, and in many 
cases a single large stone was found either 
impacted in the neck of the gallbladder 
against the cystic window or protruding 
into the common duct.
The anomaly is important because of the 
risk of mistaking the common bile duct for 
cystic duct and dividing it at operation.
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This catastrophe and its sequelae are well 
illustrated by Case 1. In reviewing the pre­
viously recorded cases and the three pres­
ent cases, certain common features are 
noted which may help in the recognition of 
this anomaly at operation before harm is 
done.
The clinical picture is of some value in 
that almost every patient has a long his­
tory of biliary disease and most have been 
jaundiced at some time. At operation there 
is evidence of long-standing inflammation. 
The gallbladder is thick-walled, often con­
tracted, and there are dense adhesions 
about the edge of the gastrohepatic omen­
tum making definition of structures diffi­
cult. After a tedious dissection, a structure 
is found passing medially from the neck 
of the gallbladder. Here the problem arises 
—is this structure the cystic duct or the 
common bile duct? If the junction of the 
common duct and cystic duct can be found 
easily the problem is solved. When there is 
no cystic duct, however, a long and fruitless 
and sometimes disastrous dissection may 
ensue. This result may be avoided by using 
one clue and taking several precautions.
The clue is noted in retrospect in Cases 
2 and 3, in which troublesome bleeding 
was encountered from small venules in the 
dissection of what was thought to be the 
cystic duct. The structure being dissected 
was in fact the common duct, and the 
bleeding was coming from the venous plex­
us which surrounds it. Saint13 has noted 
that there is no such plexus about the 
cystic duct, and when this plexus is en­
countered at operation one is most likely 
dealing with the common bile duct and 
not the cystic duct.
The precautions which may allow recog­
nition of this anomaly before dividing any 
essential structure are not specific but 
merely those recommended in any difficult 
gallbladder dissection. The most important 
precaution emphasized by Main got14 and 
many others is that no structure should be 
divided in this region until identified and 
demonstrated beyond all doubt.
When the structures are not easily iden­
tified, it may be helpful either to dissect 
out the gallbladder in a retrograde fashion 
or, alternatively, to open the gallbladder, 
remove the stones and explore the ducts
with a sound from within. This latter pro­
cedure is of immense value and was used 
in every reported case in which the com ­
mon duct was spared, and was not used in 
those cases in which injury to the common 
duct occurred. Operative cholangiography, 
if available, may be of considerable assist­
ance in distinguishing the common bile 
duct from the cystic duct.
The removal of the gallbladder is accom­
plished easily once the anomaly is recog­
nized. The opening into the common duct 
can be managed by closing either the 
common duct or a remnant of gallbladder 
neck about a T-tube left in the common bile 
duct. Should the common duct be divided, 
most authors favour an immediate end-to- 
end suture of the common duct. If this is 
impossible, choledochoduodenostomy or 
choledochojejunostomy may be performed.
Su m m a r y
Three cases of absent cystic duct are 
recorded which bring to 14 the number of 
this unusual anomaly reported in the Eng­
lish literature. The anomaly may exist from 
birth or result from long-standing cholelith­
iasis with a large stone obliterating the 
cystic duct. At operation, injury to the 
common duct may be avoided if the usual 
precautions concerning accurate identifica­
tion of structures before division are ob­
served; if the significance of the epichole- 
dochal venous plexus is recognized, and if 
cholecystotomy and duct exploration 
through the gallbladder, with or without 
cholangiography, are used when any doubt 
arises as to the position or presence of the 
cystic duct.
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Resume
Les blessures operatoires des canaux biliaires 
sont generalement le fait d’un manque d’experi- 
ence. Cependant on trouve des cas qui posent des 
problemes de dissection particulierement delicats, 
parmi lesquels l’absence de canal cystique. Les 
auteurs rapportent ici trois cas personnels qui 
viennent s’ajouter aux 11 decrits anterieurement 
dans la litterature. Le plus souvent il existe alors 
une communication large et directe entre la lu- 
miere de la vesicule et le canal choledoque. L’eti- 
ologie de cette anomalie est double; soit conge- 
nitale, soit secondaire a un etat d’inflammation 
chronique avec ou sans calculs. On congoit que 
dans cette situation, le risque est grand lors de 
l’operation, de confondre les canaux cystique et 
choledoque et de couper ce dernier. II conviendra 
done d’etre extremement prudent et de s’attacher 
a une identification precise et certaine des struc­
tures. L’un des cas presentes ici montre les com­
plications survenant apres une section choledoque: 
une suture fut tentee sur drain en T mais la 
malade souffrit d’une stenose secondaire de ce 
canal avec syndrome de pancreatite.
T H E  ARTS AND TH E SURGEON
“A reason for suggesting that a knowledge 
of the arts and, in particular, of fine literature, 
might be valuable to those who aspire to the 
practice of surgery is this. None of us spends 
all his days in the operating theatres. The 
older we get the more time we devote to the 
personal problems of our patients, and to man­
agement of surgical affairs. T o  do this effec­
tively we need wisdom, and an acute sense of 
values; we must also be able to communicate 
our ideas accurately and simply to others. 
Those critics who are most qualified to speak 
have told us that the arts are not only the 
supreme form of communication but they are 
the foremost teachers of values.
“No commerce with science or technology 
alone will teach a man who lacks a natural 
sense of values the things that really matter. 
I f  he has not got this gift then he may acquire 
some part of it by studying the arts, and par­
ticularly by reading the works of the great 
men who have left their opinions for our bene­
fit. A sense of values is another name for wis­
dom, and to acquire this wisdom some leisure 
is necessary; leisure to watch the world, to 
contemplate opposing opinions, and learn how
to discuss affairs in a civilized way; leisure to 
cultivate a balanced sense of values.
“Richards has this to say about values: ‘The 
Arts are our storehouse of recorded values. 
They spring from and perpetuate hours in the 
lives of exceptional people, when their control 
and command of experience is at its highest, 
hours when the varying possibilities of exist­
ence are most clearly seen and the different 
activities which may arise are most exquisitely 
reconciled, hours when habitual narrowness of 
interests or confused bewilderment are replaced 
by an intricately wrought composure.’
“You may think that the time spent in ac­
quiring a modicum of wisdom and a sense of 
values would be wasted in this mechanistic 
age. You may argue that the bare facts of a 
scientific idea carry their own message, how­
ever clumsily that message may be presented; 
and you may be convinced that to  study the 
humanities, in the vague hope of writing better 
prose or of becoming a more erudite surgeon, 
is a luxury that does not concern you. But 
you should know that informed opinion would 
not accept such views.”— N. R. Barrett: J. 
Thor. C ardiov. Surg., 44 : 167, 1962.
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MESENTERIC VASCULAR OCCLUSION: ANALYSIS OF A SERIES OF 
CASES AND REPORT OF A SUCCESSFUL EMBOLECTOMY
I. A. D. TODD, M.A., M.B., B.Chir., F.R.C.S.[C]* and F. G. PEARSON, B.Sc., 
M.D., F.R.C.S.[C],f Toronto
Sixty-thbee cases of mesenteric vascular 
occlusion have been indexed in the files of 
the Toronto General Hospital during the 
past 10 years. In 50 patients the diagnosis was proved at operation or autopsy. The 
following is a brief review of this material 
and includes the case report of one patient 
successfully treated by superior mesenteric 
embolectomy.
TABLE I.—D iagnosis Proved at Operation  or 
A utopsy on 50 Patients
Arterial occlusion........ . . . ( Embolus........... . . 19( Thrombosis. . . . . . 10Venous occlusion...................................................  12Agnogenic1 (idiopathic) ......................................  9
50
Etiology
Fifty-eight per cent of all cases were due to arterial occlusion; 40% of all cases were 
due to arterial embolism. Two patients suffered embolic obstruction of both in­
ferior and superior mesenteric arteries, but 
in none was the embolism confined to the 
inferior mesenteric artery.
TABLE II.—P athology in 29 Cases
Arterial embolismFibrillating with previous emboli................. 14Syphilitic aortitis with previous emboli. . . .  1Fibrillating with no previous emboli............ 2Recent coronary occlusion—not fibrillating 2
19
Arterial thrombosisGood history of intestinal angina................. 5No previous abdominal symptoms............... 5
10
All of the patients with embolism had a 
history of significant cardiovascular dis­
ease, and in 15 of these there had been 
previous embolic episodes. Exactly half of these patients presenting with arterial thrombosis had a previous history of inter-
* Resident in Surgery, Toronto General Hospital. fClinical Teacher in Surgery, Toronto General Hospital and University of Toronto.
mittent abdominal pain suggestive of mes­
enteric vascular insufficiency. These epi­sodes were compatible with a diagnosis 
of intestinal angina.2
In the patients with primary venous 
occlusion, only one case involved large 
bowel alone, and in none was more than 
half of the length of the small intestine 
infarcted.
D iagnosis
The symptoms and signs were similar in 
nature and frequency to those described 
by Jenson and Smith.3
Pain was the main presenting symptom 
but varied greatly from patient to patient 
and had no characteristic diagnostic fea­tures. Vomiting was present in 62% and 
melena in 22% of the patients.
Dehydration and shock were present in
66%.
Sixty per cent had a white cell count of over 15,000 per c.mm. and 66% had albu­
minuria. Eighty-six per cent of all patients 
had blood-stained peritoneal fluid on para­
centesis, at operation or at autopsy.
R esults
Of the 19 patients suffering embolic 
occlusion, only one survived. The case his­
tory of this survivor will be presented later 
in this paper. Of those having thrombotic 
arterial occlusion, only one survived; he 
had most of his small bowel and his right 
colon resected, and died four months later 
in a mental hospital of an undetermined 
cause. This experience represents a 93% 
mortality rate in 29 patients who sustained 
an arterial occlusion.
Eleven of the 12 patients with venous 
occlusion died. In the sole survivor, the segment of infarcted bowel was sharply de­marcated.
In nine patients with segments of in­farcted bowel, no cause for the apparent vascular obstruction could be determined
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either at operation, autopsy or on histolog­
ical examination. These have been termed 
the ‘agnogenic’ group. Of these nine pa­
tients, four underwent resection and re­
covered; in these patients, the infarcted 
segm ent of bowel was never m ore than 
one-third of the total length of the small 
intestine.
TA BLE III.— M o bt a l it y  in 50 P r o v ed  C a s e s
No. of
•patients Died %
No operation................... 23 23 100
All operations................. 27 20 74
Definitive procedures... 19 12 63
Overall mortality........... 86%
T he overall mortality figures are pre­
sented in T ab le  III . D efinitive procedures 
w ere carried out on 19 patients, 17 of 
whom had resection of the infarcted seg­
ment, and two had embolectomy. One of 
the la tter also had a segment of small in­
testine resected.
C ase R eport
Mrs. E.G., a 57-year-old woman, was known 
to have rheumatic heart disease with fibrilla­
tion and congestive heart failure in July 1958. 
She presented in December 1958 with a 24- 
hour history of steady periumbilical pain of 
sudden onset associated with vomiting, but 
with a normal bowel movement before ad­
mission.
On examination the patient was fibrillating 
but not in failure. She was dehydrated, and 
the abdomen was diffusely tender with some 
localization in the right upper quadrant. There 
were no bowel sounds. The white blood count 
was 15,000/c.mm.
Twenty-four hours later the pain was more 
severe; there was a suggestion of a tender 
mass in the right upper quadrant and re­
bound tenderness was present. A diagnosis of 
acute cholecystitis was made and she was 
taken to the operating room 48 hours after 
the onset of her pain.
On opening the abdomen, a small amount 
of amber-coloured peritoneal fluid and gross 
hepatic enlargement with cirrhosis was found. 
Cholelithiasis was noted but no acute chole­
cystitis. The entire small bowel was a dusky 
colour and the peritoneal surface had lost its 
sheen. No pulsations were palpable in the 
superior mesenteric artery or its branches.
The branches of the superior mesenteric 
artery were controlled with bulldog clamps 
and a longitudinal arteriotomy performed in 
the main trunk. A laminated clot was re­
moved, but only a poor flow was obtained 
even after the passage of a wire-loop proxi- 
mally. After closure of the arteriotomy, pulsa­
tions continued for about three minutes and 
then ceased once more. The artery was re­
opened and this time the passage of the wire- 
loop proximally was rewarded by the extrac­
tion of another organized thrombus and the 
appearance of an excellent flow. After closure 
of the vessel again, all but one-third of the 
length of the small bowel regained its colour, 
and this segment was resected.
The embolus was not sent for pathological 
examination. The resected segment of bowel 
measured 90 cm. in length and showed vary­
ing degrees of necrosis with edema and super­
ficial mucosal ulceration. Sludging of blood 
was noted in dilated vascular channels, and 
thrombi were seen in the arteries and veins of 
the mesentery.
Postoperatively the patient received heparin, 
penicillin and streptomycin, and on the tenth 
day was given dicumarol by mouth. Her 
course was entirely uneventful. Fat studies 
made were normal and a xvlose curve was 
noted to be slightly flattened. She has been 
followed-up in the outpatient department and 
has developed claudication pain following 
popliteal embolus to the right leg. She is still 
being treated with dicumarol and was last seen 
in August 1961.
D iscussion
The prognosis in m esenteric vascular 
occlusion has been dismal all through the 
various phases of treatm ent beginning with 
the earliest cases described.4'6
Until recently, intestinal resection has 
been the only form of surgical treatm ent.7 
In 1943, Ryvlin8 suggested that the primary 
attack should be directed at the superior 
mesenteric artery itself in cases of arterial 
occlusion. Klass9 ,10 of W innipeg reported 
the first two attempts at superior mesenter­
ic artery embolectomy, and the first suc­
cess with this procedure was achieved in 
1951.11 Since this time surgical treatm ent 
has been extended to include endarterec­
tomy, reimplantation and grafting pro­
cedures.12'14
Although the results of treatm ent re­
ported in this series serve to confirm the
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very poor prognosis in mesenteric vascular occlusion, it is emphasized that a small number of cases will exist in which early recognition of the pathology and subse­quent embolectomy or endarterectomy will 
be well rewarded. If the bowel wall is no 
longer viable, one is obliged to resort to resection. The assessment of viability, how­ever, may be difficult indeed, and where 
any doubt exists it would appear reason­able to re-establish the mesenteric circula­
tion if the pathology allows. In the case re­
ported here, the reversibility of the ischemic 
changes was obvious and almost immediate after the return of the arterial circulation. 
Should the attempt to re-establish circula­
tion fail, then resection is still possible and 
is in no way more difficult or hazardous.
Summary
Fifty cases of mesenteric vascular occlu­sion proved at operation or autopsy are 
briefly reviewed with regard to etiology, 
diagnosis and treatment. An appalling mor­
tality is noted.
The case history of one patient who 
survived superior mesenteric artery embol­ectomy is presented.
A brief discussion of surgical treatment 
and a review of the literature is included.
It is emphasized that there will continue to be a small number of cases of mesenter­
ic vascular occlusion in which early recog­
nition of the condition and the appropriate 
arterial surgical treatment will be well re­
warded.
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R esum e
Le present article est une analyse statistique portant sur 63 cas d’occlusion de l’artere mesen­terique retrouves dans les archives de 1’Hopital General de Toronto en remontant les dix dernieres annees. Parmi ces cas, 58% presentaient une occlu­sion par thrombose arterielle, 40% une occlusion secondaire a un processus embolique; deux ma- lades etaient porteurs d’emboli dans les arteres mesenteriques superieure et inferieure. Dans tous les cas avec embolisation, il y avait eu des ante­cedents cardiaques significatifs. Du point de vue symptomatologique, la douleur est toujours pre­sente, variant grandement en intensity et en lo­calisation d’un malade a l’autre; les vomissements ont ete notes dans 62% des cas, et le maslena dans 22%. La mortalite d ’ensemble est de 86%. Dans chacun des groupes etiologiques ( thrombose ou embolus) un seul malade survecut. Les auteurs rapportent l’liistoire d ’une patiente agee de 57 ans, ayant eu des antecedents rhumatismaux cardiaques qui fut admise a l’hopital pour un syndrome ab­dominal aigu. II s’agissait d’une occlusion mesen­terique qui fut operee. Le peritoine contenait une petite quantite d’un liquide de couleur ambree; tout l’intestin etait de couleur noiratre et l’artere mesenterique superieure ne laissait palper aucune pulsation. On pratiqua une arteriotomie qui permit l’ablation d’un caillot sanguin. Comme un tiers de l’intestin grele gardait une coloration anormale, on resequa cette portion. Les suites post-opera- toires furent excellentes. Cette observation montre que si le pronostic de l’occlusion mesenterique est touiours tres mauvais, il y a cependant possi­bility de succes grace a un diagnostic precoce et a une therapeutique arterielle appropriee.
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GALLSTONE ILEUS
CARMAN H. WEDER, M.D., F.R.C.S.[C], F.A.C.S.,* Saskatoon, Sask.
Intestinal obstruction may result from a 
gallstone leaving its site of origin in the gallbladder and entering the lumen of the 
alimentary tract. Should the stone be of 
sufficient size or should it initiate violent in­testinal spasm, the bowel lumen may be 
occluded, resulting in a functional or or­
ganic obstruction.
Source of M aterial and Incidence
A review of the literature13 suggests that 
this lesion, while not rare, is somewhat un­
common and because of the practising 
physician’s unfamiliarity with it, the diag­
nosis may be missed and a harmful delay 
in treatment result. In order to estimate 
the frequency of the lesion and to study 
its clinical course, the records of the Saska­
toon City Hospital from 1949 to 1959 were 
searched; seven such cases were found.2 The University of Saskatchewan Hospital 
records revealed six cases in the period from 1955 to 1959, to make a total of 13 
cases. In both series of cases, all of the 
patients except one were female; the youngest was 47 years of age and the old­
est 86; the average age was 73 years. In 
a series of 141 cases of mechanical small 
bowel obstruction seen from 1955 to 1959 
at the University of Saskatchewan Hospital, 
a gallstone was the cause in six cases (4% )d  This is a surprisingly high inci­
dence in view of the 1959 report from a 
neighbouring province in which Hnatuik 
and Richard14 reported no cases of gall­
stone ileus in a series of 128 cases of small 
bowel obstruction at the Royal Alexandra 
Hospital, Edmonton, over a five-year peri­od. It may be that the University Hospital, 
acting as a referral centre for the northern 
half of Saskatchewan, receives a larger percentage of unusual cases than does an active open general hospital.
M ech anism  of Production
There are two possible ways by which
“Departments of Surgery, University of Saskatche­wan Hospital and Saskatoon City Hospital, Saska­toon, Sask.
the offending gallstone may reach the gut. 
It may pass through a dilated common duct and slough through the ampulla into the 
duodenum or it may go more directly 
through a cholecystoduodenal or a chole- cystocolic fistula. This fistula results from 
inflammation and pressure necrosis10 pre­
ceded by adhesions between the gall­
bladder and the adjacent viscera with sub­
sequent penetration by the stone. It has 
been denied by some that a stone large 
enough to obstruct the bowel can get 
through the common bile duct.6 In one of 
the patients in the present series with gall­
stone obstruction on whom an autopsy was 
performed, no evidence of a fistula was found but an extremely dilated duct was 
noted which would allow the passage of 
a large stone. While the site of the biliary 
fistula is in the duodenum in 95% of the cases, the stomach or the colon may like­
wise be the site of fistulization. In some 
of the 13 patients to be described did such a fistula occur, but, in two of them, a large 
stone was impacted in the sigmoid colon 
resulting in a large bowel obstruction. Re­
cause of this occurrence, the clinical diag­
nosis recorded in both cases was carcinoma 
of the colon.
After the stone enters the duodenum, 
as it commonly does, it proceeds down­
wards. Its fate is directly linked with its 
size. If small, it may pass unnoticed and without evidence of obstruction. Even small 
stones, however, may initiate violent 
local spasm resulting in severe colic, 
nausea and vomiting, suggesting intestinal 
obstruction. If the stone measures 2 to 4 cm. in diameter it may become held 
up anywhere along the small bowel. 
It usually is stopped temporarily at the lig­
ament of Treitz and then it may lodge at varying intervals down the gut for vary­ing periods of time.7 At each station it in­
itiates an exacerbation of symptoms. Usual­ly the site of final impaction is in the narrower terminal ileum (Fig. 1). This leap-frogging course of the stone accounts 
for the recurrent nature of the attacks. Symptoms are maximal when the stone is
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Fig. 1.—An impacted gallstone with distension 
of the proximal small bowel.
temporarily arrested; this is followed by 
relief of pain and the passage of gas when 
it moves downward to take up a new posi­
tion at a lower level in the small bowel. The 
level at which the stone was found at op­
eration was directly related in this series to 
the duration of symptoms. The late cases 
showed the obstructing stone to be in the 
terminal ileum while those patients oper­
ated upon in the first few days of their 
illness had a stone in the upper jejunum.
In those cases in which a cholecysto- 
colic fistula supplies the mode of entrance, 
intestinal obstruction is less likely because 
of the greater diameter of the large bowel. 
If obstruction does occur, it is usually at 
the “sigmoid angle” near the pelvic 
brim.11,12 In the present series, there were 
two cases of colonic obstruction, one was 
diagnosed at postmortem and one at oper­
ation. The presence of diverticulitis was a 
factor causing arrest of the stone in one 
patient.
The recorded sites of obstruction in the 
13 cases were upper jejunum, four; mid 
small bowel, three; terminal ileum, four;
sigmoid colon, two; and in one case of 
obstruction the stone passed while the pa­
tient was being prepared for operation.
The obstruction is usually a simple one 
with no impairment of the vascular supply 
of the bowel. However, a large dangling 
loop with a stone at its apex may become 
twisted and form a volvulus; occasionally 
in neglected cases necrosis occurs at the 
site of impaction making resection of the 
damaged bowel necessary. Free perfora­
tions with extrusion of the stone have been 
reported.
D iagnosis
The diagnosis of gallstone obstruction 
may be suspected in an elderly female 
with a previous history of gallbladder dis­
ease who presents the signs and symptoms 
of small bowel obstruction. This impres­
sion is reinforced if the patient does not 
have an abdominal scar, or an incarcerated 
inguinal or femoral hernia. The diagnosis 
if often delayed owing to the presence of 
many obscuring factors. The patient is fre­
quently old and unable to give a very clear 
history; in addition, there may have been 
numerous previous gallbladder attacks and 
the colicky pain of the small bowel ob­
struction is attributed to “just another at­
tack of stones”.8
Nausea and vomiting are constant com­
panions of the colicky pain in this condi­
tion. They appear with each attack and 
are marked; the vomitus may be feculent.
Distension, however, may be slight owing 
to the fact that the stone is lodged high in 
the small bowel leaving little room for gas 
to accumulate above the obstruction. The 
impaction may not cause complete ob­
struction, particularly when it is in the 
upper jejunum; usually some gas is allowed 
to pass. If the site of the obstruction is the 
sigmoid colon, however, distension will be 
as marked as in any other large bowel 
obstruction and vomiting will be late or 
may be absent. In rare cases in a thin pa­
tient a large stone can be palpated in the 
abdomen. It is not surprising to note that 
although gallstone ileus is associated with 
severe cholelithiasis and often acute chole­
cystitis, jaundice is not a feature; in all 
cases the fistula seems adequate to prevent
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the appearance of tills sign even though 
the common bile duct may be compressed 
by inflammatory edema.
C onstipation
Usually this symptom is not prominent 
in the early stages of the disease but only 
occurs after the stone has become securely 
trapped. As a matter of fact, in two cases, 
diarrhea was present in the early stages 
of the illness suggesting that the whole 
small bowel was thrown into a violent 
spasm. This may be a useful sign and has 
not previously been noted by other observ­
ers. One patient passed gas freely through­
out the course of her disease indicating 
that the obstruction was never complete.
D ifferen tia l  D iagnosis
Because of the age range in which this 
condition occurs, small bowel malignancy 
resulting in intussusception and obstruc­
tion must be considered. But the stigmata 
of cancer, weight loss, tarry stools and 
anemia, are usually absent. Two of our 
13 patients, however, had lost a good 
deal of weight, in one instance 53 lb. dur­
ing the previous three months. Small bowel 
cancers are much rarer than gallstone ileus. 
From 1932 to 1944, in the Saskatoon Can­
cer Clinic, only 14 small bowel tumours 
were detected among 6800 alimentary can­
cers of all types.
Adhesive ileus should be considered be­
cause it is unusual for a patient to reach 
the age at which gallstone ileus occurs 
without having at least one scar on the 
abdomen. Unless the radiological signs are 
diagnostic, the differential diagnosis of the 
obstruction may be impossible.
An occult femoral hernia of the Richter 
type may be a trap for the unwary; while 
a perforating peptic ulcer, edematous pan­
creatitis, biliary and renal colic, mesenteric 
embolism or thrombosis, and appendicitis, 
must be considered in the differential diag­
nosis.
One of the patients seen at the Univer­
sity Hospital returned 11 months after 
treatment with signs suggesting acute chole­
cystitis. His general condition was too poor 
to allow operation and it soon became ap­
parent that he was suffering from an ab­
dominal malignancy. At autopsy a cancer of 
the gallbladder was found but no residual 
evidence of biliary fistula could be demon­
strated.
Role of the Radiological E xamination
An abdominal film is always of value if 
only to indicate the degree of intestinal 
obstruction and its approximate level.3 ,4 
In some cases, however, an opaque gall­
stone of a calibre such as to obstruct the 
lumen may be seen on the plain film lying 
beyond the confines of the gallbladder. 
This, associated with the ladder pattern 
of small bowel distension, is diagnostic. 
Occasionally air will collect in the biliary 
tree as a result of gas passing up through 
the open fistula. An infection of the biliary 
tree may produce a similar picture but it 
does not have the associated small bowel 
patterns appropriate to alimentary tract 
obstruction. An air-filled biliary tree asso­
ciated with small bowel distension is patho­
gnomonic.
In two patients in the present series, the 
nature of the obstructing agent was recog­
nized because of the presence of a gall­
stone lying beyond the confines of the gall­
bladder. In one case, at laparotomy, no 
stone was found and subsequent radio­
graphs showed that it had passed. This 
underlines the necessity, as in operations 
for renal stones, to carry out radiographic 
studies just before operation if unneces­
sary surgery is to be avoided.
Case Reports
University Hospital
Case 1.—H.H., an 83-year-old man, had 
a five-day history of severe right upper quad­
rant pain associated with copious vomiting. 
He also had copious watery stools during the 
first three days of his illness and intestinal 
obstruction for two days before admission. 
Previous gallbladder attacks had been record­
ed during the past two years. His physical 
examination revealed an obese man with no 
abdominal distension, no localized tenderness 
or masses, and active bowel sounds. Radio- 
graphic examination demonstrated a few loops 
of dilated small bowel with fluid levels (Fig. 
2 ) .
At laparotomy, a 3 cm. stone was found 
lodged 5 feet from the ligament of Treitz; a 
mass was present in the region of the gall-
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Fig. 2.—Case 1. Paucity of gas in abdomen with 
two loops showing air-fluid levels.
bladder. The stone was removed via an enter­
ostomy. Wound dehiscence occurred and was 
sutured on the tenth postoperative day. The 
patient was discharged three weeks after oper­
ation, apparently well. He was readmitted to 
hospital 11 months later because of pain in 
the right upper quadrant and a palpable ab­
dominal mass. He died six weeks later. At 
autopsy, cancer of the gallbladder with meta- 
stases was demonstrated, but there was no 
evidence of fistula.
Case 2.— E.M., a 77-year-old woman, was 
admitted to hospital because of severe inter­
mittent epigastric pain for four days associated 
with nausea and feculent vomiting. She had 
a past history of “gallbladder attacks”, and 
jaundice had occurred during one of these. 
She had had no attacks for two years. Mod­
erate abdominal distension was noted, but no 
masses; bowel sounds were present. A flat 
plate of the abdomen was reported to show 
“classical small bowel obstruction with ladder 
patterns” (Fig. 3).
At laparotomy, a gallstone was discovered 
lodged in the mid-jejunum. Massive adhesions 
were present around the gallbladder. The pa­
tient’s postoperative course was uneventful 
and she was discharged 14 days after opera­
tion.
Fig. 3.—Case 2. The classical ladder pattern of 
small bowel obstruction; the stone is in the mid­
ileum.
Case 3.— E.C., a 74-year-old woman, had 
a 10-day history of generalized abdominal 
cramps associated with nausea and vomiting. 
Intestinal obstruction was present except for 
one day when she had frequent watery stools. 
Similar but less severe attacks had occurred 
over the previous five years. On physical ex­
amination, the abdomen was distended and 
bowel sounds were absent. Slight tenderness 
was present in the right upper quadrant of 
the abdomen but no guarding or masses were 
detected. Radiographic examination demon­
strated moderate distension, fluid levels and a 
little gas in the colon. A laparotomy was per­
formed and enterotomy was necessary for the 
removal of a stone from the terminal ileum. 
The patient was discharged apparently well 
14 days after operation.
Case 4.— M.M., a 67-year-old woman, had 
a three-day history of intermittent attacks of 
periumbilical pain, which were associated with 
projectile vomiting and the absence of flatus. 
She had had intermittent episodes of right 
upper quadrant pain over the past five years. 
On examination she was obese and dehy­
drated. Some abdominal distension was pres­
ent and the bowel sounds that were heard 
were obstructive in type. A flat plate of the 
abdomen demonstrated the presence of multiple 
dilated loops of small bowel and a small 
amount of gas in the colon.
At laparotomy, a stone was removed from 
the mid-ileum. An indurated mass was noted
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Fig. 4.—Case 4. Barium entering the duodenal- 
biliary fistula. This film was taken postoperatively.
in the region of the gallbladder. An upper 
gastrointestinal series was performed in the 
postoperative period (Fig. 4) and showed the 
presence of a track extending from the post- 
bulbar region of the duodenum, but the con­
tinuity of this track with the gallbladder 
could not be demonstrated. The patient was 
discharged 16 days after operation.
C a se  5.— H.M., a 47-year-old woman, had 
right upper quadrant abdominal pain of eight 
days’ duration which was associated with co­
pious vomiting. Gastric suction was instituted 
for six days and the patient felt well while 
suction was maintained. On examination, she 
was obese; there was tenderness in the right 
upper quadrant of the abdomen but no guard­
ing. Bowel sounds were not active. Radio- 
graphic examination revealed small bowel ob­
struction and gas in the biliary tree (Figs. 5 
and 6 ) .
At laparotomy, a gallstone, 2h" xlM", was 
removed from the upper jejunum and an in­
flammatory mass was felt in the region of the 
gallbladder. The patient had an uneventful 
convalescence and was discharged 13 days 
after operation.
Fig. 6.—Case 5. A plain film showing the bil­
iary ducts filled with air.
C a se  6.— B.W., a 76-year-old woman, was 
admitted with a one-day history of severe gen­
eralized colicky abdominal pain. There was 
no nausea or vomiting. She had had a simi­
lar attack 18 months before when a diagnosis
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Fig. 7 Fig. 8
Fig. 7.—Case 6. A large calcified stone in the gallbladder. This radiograph was taken one year 
before the attack which led to obstruction. Fig. 8.—The same patient as in Fig. 7. The stone has es­
caped from the gallbladder and is lodged in the ileum as shown by its new position in the right lower 
quadrant.
of acute cholecystitis was made. A large gall­
stone was demonstrated in the gallbladder 
(Fig. 7) at this time.
On examination the patient was very obese; 
generalized abdominal tenderness was present. 
The report of radiographic examination was 
as follows: “Distended loops of small bowel 
with the presence of a large stone in the right 
lower quadrant. Gallstone ileus” (Fig. 8 ). 
Two days after admission a laparotomy was 
performed; no gallstone was found but the 
terminal ileum was injected.
A cholecystogram carried out in the post­
operative period showed no evidence of the 
previously described gallstone.
Com m ent.— The patient exhibited all the 
signs of gallstone obstruction although vomit­
ing was not a feature. The stone was passed 
while the patient was being prepared for op­
eration.
Saskatoon City Hospital
C a se  7.— M.H., a 70-year-old woman, was 
in hospital elsewhere for 26 days with inter­
mittent attacks of cramps and vomiting. She 
had lost 55 lb. in the previous six months. 
She had had severe crampy abdominal pain 
for 10 days before transfer to the Saskatoon 
City Hospital.
On examination the patient was dehydrated 
and had marked abdominal distension, which 
was generalized with a visible small bowel 
pattern. Diastasis recti was present. On the 
radiographs, several loops of distended small 
bowel with staircase pattern were demon­
strated (see Fig. 3 ) .  Treatment consisted of 
the administration of intravenous fluids and de­
compression with a Miller-Abbott tube. The 
distension was diminished.
Ten days after admission, an operation was 
performed. A 3" gallstone was found impacted 
in the sigmoid colon. The small and large 
bowel showed several areas of congestion and 
thickening. Colotomy was carried out with re­
moval of stone. The gallbladder was normal 
on palpation. The patient’s convalescence was 
uneventful.
Com m ent.— In this case, unrecognized gall­
stone ileus presented as small bowel obstruc­
tion. At operation 10 days later the stone was 
found firmly impacted in the sigmoid colon 
and associated small bowel distension was pres­
ent.
C a se  8.— H.E., an 86-year-old woman, had 
generalized abdominal pain, vomiting and ab­
dominal distension of unknown duration. The 
oral temperature was normal. She was extreme-
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ly ill and dehydrated; her abdomen was dis­
tended and she was in no condition for oper­
ation. A large bowel tumour was suspected. 
The patient was treated conservatively and 
died eight days after admission.
The post-mortem examination showed that 
a gallstone was impacted in the lower descend­
ing colon. There was marked dilatation of the 
cystic and common bile ducts. The diameter 
of these ducts was large enough to permit 
passage of the obstructing stone which was 3 
cm. in diameter.
Radiographic examination before death had 
demonstrated numerous diverticuli of the de­
scending colon with marked spasm and some 
distension of the proximal bowel.
Com m ent.— A gallstone, 3 cm. in diameter, 
passed through the biliary duct system and the 
alimentary tract before becoming impacted in 
the descending colon at the site of narrowing 
caused by diverticulitis.
C ase 9.— C .H ., a 79-year-old woman, was 
admitted with a three-day history of severe 
epigastric colic and associated nausea and 
vomiting. She had had similar attacks of pain 
and vomiting occasionally during the previous 
four years.
On examination there was no distension, 
guarding or rigidity. The radiologist reported 
“a single slightly dilated loop of small bowel 
may indicate early intestinal obstruction”. The 
radiological examination was repeated three 
days later and showed “immense small bowel 
distension”.
A laparotomy was performed seven days after 
admission and revealed a 1" gallstone which 
was obstructing the terminal ileum; it was 
removed. Wound dehiscence occurred 29 days 
after operation. The patient was discharged 
10 days after the repair of the dehiscence.
C ase 10.— A.P., a 79-year-old woman, was 
admitted with intermittent colicky epigastric 
pain which had been present for one month. 
She had had a more severe attack three weeks 
before admission, and this was associated with 
nausea and vomiting. She had had many 
attacks of right upper quadrant pain during 
the past 10 years. No jaundice was detected.
On examination, marked abdominal disten­
sion was present. The right upper quadrant 
was tender to palpation, but no masses were 
detected. On radiographic examination numer­
ous gallstones were seen in the right upper 
quadrant. Several distended loops of small 
bowel contained barium which had been ad­
ministered elsewhere. The patient died 22 
days later; no operation had been performed.
At autopsy a cholecystoduodenal fistula, 1 
cm. in diameter, was discovered associated 
with a shrunken gallbladder. A gallstone, 4 x 
3 cm., was impacted 38 cm. above the ileo­
cecal valve; there was marked bowel disten­
sion distal to this area.
C ase 11.— C.P., a 70-year-old woman on 
whom no history was available, was admitted 
to hospital. Intestinal decompression with 
Miller-Abbott suction was instituted immed­
iately. A flat plate of the abdomen showed 
the presence of numerous dilated loops of 
small bowel. At operation a gallstone obstruct­
ing the terminal ileum was removed. She was 
discharged on the fourteenth day after opera­
tion.
C ase 12.— M.A., a 79-year-old woman, was 
admitted with a four-day history of colicky 
pain and a weight loss of 10 to 20 lb. over 
the previous year. She had been admitted to 
another hospital six months before with a 
similar attack of abdominal pain and bloating.
On examination there was no distension; the 
right upper quadrant was tender to palpa­
tion. A barium enema was performed but it 
was non-contributory. At operation a gallstone 
was found partially obstructing the jejunum 
3 feet below the ligament of Treitz. A hard 
mass was palpated in the gallbladder region. 
She was discharged 12 days after operation.
C ase 13.— A.C., a 67-year-old woman, was 
admitted to hospital because of vomiting, 
which occurred immediately after taking food, 
and absent bowel movements for several days. 
She was passing gas throughout her illness. 
There were no previous gallbladder symptoms.
On examination, her abdomen was dis­
tended, and there was some localized tender­
ness in the right lower quadrant on deep pal­
pation. The flat plate of the abdomen was 
reported as showing “dilated loop of small 
bowel in mid-abdomen, no fluid levels, partial 
obstruction”. She was treated by means of 
suction and intravenous fluids for five days. 
At operation a large gallstone was found im­
pacted in the upper ileum and was removed. 
She was discharged 12 days after operation.
T r e a t m e n t
A review  of the literature indicates that 
the m ortality rate in gallstone ileus 20 
years ago was approximately 5 0 % , but re­
cent reports suggest that the mortality is 
now about half of this. In the present series
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two deaths occurred; in both, the cause of 
the obstruction, which was undiagnosed 
during life, was determined at autopsy. 
All of the patients operated upon, 11 in 
number, recovered and went home. Dis­
ruption of the wound occurred in two of 
those operated upon. In the two cases in 
which the diagnosis was made only at 
autopsy, the patients were seen late in the 
illness and were not able to stand opera­
tion. In both, the existence of bowel ob­
struction was recognized, but the underly­
ing cause was not.
The treatment consists of restoration of 
the fluid deficits and correction of the 
electrolyte balance in frail elderly women 
who often are obese and who, because of 
limited cardiac reserve, do not tolerate an 
excess of sodium chloride and water. The 
use of long-tube suction should not be 
relied upon in the management of such 
cases. A large Levin tube is efficient, easy 
to manage and brings about rapid intestin­
al decompression.
The sheet anchor of treatment is surgi­
cal and usually simple. The stone can be 
dislodged from the site of impaction in a 
proximal direction to a healthy area in the 
dilated bowel;9 a vertical incision over the 
stone is then made for extraction. The de­
fect in the bowel wall can be closed trans­
versely with two layers of suture. Rarely 
is it necessary to perform a decompres­
sion enterostomy to relieve the massive gas 
and fluid distension, such as is frequently 
required in adhesive ileus. The stone should 
be inspected to see whether it is faceted; 
if so, it is probable that a second stone is 
present in the gut or gallbladder. In any 
case, the whole small bowel should be ex­
amined for the presence of other stones, as 
well as for areas of necrosis caused by 
pressure of the stone at a site higher in 
the bowel than where it had been impacted 
previously. In the present series, there was 
no case in which two stones occurred sim­
ultaneously in the gut and resection did 
not have to be carried out for damage of 
the bowel wall. Careful suturing of the 
abdominal wall will lower the high inci­
dence of wound dehiscence (two out of 
11 cases). The gallbladder should be pal­
pated but surgical correction of the chole-
cystoenteric fistula is not necessary. Most 
of these fistulas appear to close spontane­
ously.5
C o m m e n t
Obstruction of the gut by gallstones is 
not an uncommon disease and this compli­
cation should be suspected in the elderly 
female who has a history of previous gall­
bladder disease and who presents with evi­
dence of a typical or an atypical intestinal 
obstruction. The site of the obstruction is 
usually the terminal ileum but the sigmoid 
colon was the site in two of the present 
13 cases, either because of the passage of 
a stone through a cholecystocolic fistula or 
through the ileocecal valve. At the Univer­
sity Hospital, the incidence of gallstones 
causing obstruction was 5%  in 141 cases 
of small bowel obstruction. Some patients 
with gallstone ileus do not have a previous 
history of gallbladder disease. The appear­
ance of the radiograph, when it indicates 
the presence of free air in the biliary tree 
or an ectopic gallstone associated with the 
distended small bowel pattern, is diagnos­
tic. In all cases, whether the appearance 
was diagnostic or not, the radiograph was 
extremely helpful. The presence of a small 
amount of air in the large bowel does not 
rule out this condition because frequently 
the obstruction is only partial. Diarrhea 
may occur in the early phases of some 
cases owing either to violent spasm or 
to the release of dammed-up fluid which 
escapes as the stone moves down the bowel 
to take up a new position.
Su m m a r y
Thirteen cases o f gallstone ileus are re­
viewed. The pathogenesis, diagnosis and 
treatment have been discussed. The use­
fulness of the episodic recurrence of symp­
toms as a diagnostic sign has been empha­
sized. The usefulness of the radiograph as 
an adjunct has been recorded.
The author wishes to acknowledge his indebted­
ness to Drs. B. A. Jackson, E. Nanson, E. Wait, 
R. Cram and A. Voth for permission to include 
their cases in this series. The help of the Record 
Librarians at the Saskatoon City and University 
Hospitals was greatly appreciated.
44 CANADIAN JOURNAL OF SURGERY Vol. 6
R e f e r e n c e s
1. D e c k o f f , S. L.: Gallstone ileus, Ann, Surg.,
142 : 52, 1955.
2. J e k l e r , J . :  Intestinal obstruction caused by
impacted gallstones, Surgery, 4 6 : 858, 1959.
3. R a ifo r d , T. S.: Intestinal obstruction due to
gallstones (gallstone ileus), Ann. Surg., 
153 : 830, 1961.
4. R ig l e r , L. G., B o r m a n , C . N. and No bl e ,
J. F .: Gallstone obstruction; pathogenesis 
and roentgen manifestations, ]. A. M. A., 
117 : 1753, 1941.
5. D e n n e e n , E. V. and B ro d erick , T. C.: Gall­
stone intestinal obstruction, Ann. Surg., 
131: 225, 1950.
6. W a k e f ie l d , E. G., V ic k e r s , P. M. and
W a l t e r s , W.: Cholecystoenteric fistulas, 
Surgery, 5 : 674, 1939.
7. Foss, H. L. and S u m m e r s , J. D.: Intestinal
obstruction from gallstones, Ann. Surg., 
115: 721, 1942.
8. M cC r ea d y , F. J. and S ey b o ld , W. D.: In­
testinal obstruction caused by gallstone, 
Proc. Mayo Clin., 23: 579, 1948.
9. K a p e l , O.: Operative treatment of gallstone
ileus without enterotomy, Acta Chir. 
Scand., 95: 54, 1947.
10. W r ig h t , P. J. M. and T r a ffo r d , P. A.; Gall­
stone ileus, Brit. ]. Surg., 4 1 : 6, 1953.
11. W il l ia m s o n , J. C. F. L.: Obstruction of colon
by gallstone, Brit. J. Surg., 39 : 339, 1952.
12. T u r n er , G. G.: Giant gall-stone impacted in
colon and causing acute obstruction, Brit. 
J. Surg., 20: 26, 1932.
13. A ird , I.: Companion in surgical studies, 2nd
ed., E . & S. Livingstone, Ltd., Edinburgh, 
1957.
14. H n a tu ik , J. and R ich ard , H. L.: Small
bowel obstruction: review of operative
cases from the Royal Alexandra Hospital,
Edmonton, 1953-1957, Canad. J. Surg., 2: 
407, 1959.
Risu m e
L’ileus par calcul biliaire est du a la migration 
d’un gros calcul vesiculaire dans la lumiere in- 
testinale. Le spasme intestinal qui se produit alors 
autour de la pierre aggrave la situation et mene 
a un tableau d’ileus. Cette affection est moins rare 
qu’on ne pense, mais elle presente de grosses 
difficultes diagnostiques surtout pour le medecin 
praticien. Ceci peut malheureusement conduire a 
des retards considerables et dangereux quant a la 
mise en train d’un traitement efficace. Le present 
article rapporte les histoires de treize cas de ce 
genre, pris dans les archives du “Saskatoon City 
Hospital” et du “University of Saskatchewan Hos­
pital”. Dans l’ensemble, les malades etaient des 
femmes sauf un d’entre eux. L’age moyen etait 
73 ans, avec des extremes variant entre 47 et 86 
ans. Du point de vue pathogenique, le calcul 
arrive de la vesicule biliaire par deux voies; soit 
a travers une ampoule de Vater dilatee, soit di- 
rectement a travers les parois des organes dans 
lesquelles s’est formee une fistule. La taille du 
calcul est importante; une petite pierre peut etre 
expulsee sans entrainer de troubles. Pour etablir 
le diagnostic, il faudra tenir compte des ante­
cedents (troubles vesiculaires ou hepatiques dans 
le passe). Les nausees et les vomissements sont 
toujours presents, mais peu significatifs; le ballon- 
nement est generalement modere. Bien rarement, 
chez un malade tres maigre, il est possible de 
palper un tres gros calcul a travers la paroi ab- 
dominale. L’examen aux rayons X permettra de 
preciser l’etendue de l’ileus; le calcul lui-meme 
pourra parfois etre visualise. La mortalite semble 
se situer aux alentours de 25%. L’operation con- 
sistera a extraire la pierre par enterostomie.
UROLOGY IN MEDICAL PRACTICE. 2nd ed. 
Frank C. Hamm and Sidney R. Weinberg. 323 
pp. Illust. J. B. Lippincott Company, Montreal, 
1962. $10.50.
In the preface of this book the authors indi­
cate that the purpose of the volume is to in­
troduce the medical student to the problems 
of urological disease. Surgical techniques are 
dealt with sparingly, while simple office and 
some emergency procedures are included. More 
detailed studies are reserved for those who 
pursue the specialty. These principles have 
been generally adhered to, while at the same 
time some of the recent advances in urology 
have been included.
The material in this book is well organized 
and systematically presented. Of special note 
is the chapter on applied anatomy and physi­
ology of the kidney. Here is presented a lucid
exposition of the dynamics of the kidney — 
physiology of the normal kidney, alteration of 
renal function by disease, acute renal failure 
and chronic renal insufficiency. Other chapters, 
such as “Principles of Roentgen diagnosis”, 
“Urologic examination in infancy and child­
hood” and “Renal vascular disease”, are pre­
sented in a manner that will answer many of 
the questions posed by the medical student.
An evident gap in an otherwise comprehen­
sive and well-documented work is the omis­
sion of discussion of the problem of urinary 
diversion. The surgery of diversion obviously 
belongs to the expert but the medical stu­
dent should be informed of its existence.
This is an excellent book; it contains a good 
deal of valuable information and is recom­
mended for the purpose for which it was 
written.
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SQUAMOUS CELL CARCINOMA OF THE ANUS*
D. A. BROWN, M.D. and A. D. McKENZIE, M.D., F.R.C.S.[C], Vancouver, B.C.
This is a report of 35 cases of squamous 
cell carcinoma of the anus seen at the Van­
couver General Hospital and British Col­
umbia Cancer Institute from 1935 to 1960. 
Squamous cell carcinoma of this region is 
rather uncommon. Several large series have 
been reported,3- 4- 6- 8- 9 and from a study 
of these and the presently reported group, 
some information about the natural history 
of the disease can be gained.
Pathology
The available pathological slides (30 of 
the 35 cases) were carefully reviewed. 
Only squamous cell carcinomas were in­
cluded. These can be classified, as in Table 
I, into:
TA BLE I .—P athological T y p e
No. o f 
patients
Squamous cell carcinoma
Grade 1 ........................................................... 4
Grade I I ......................................................... 8
Grade I I I ........................................................  5
Grade IV ........................................................  3
Basaloid changes..........................................  7
Undifferentiated.................................................. 3
Not available for review................................... 5
Total.........................................................  35
1. Squamous cell carcinom a— These 
lesions showed characteristic findings, nests 
of epidermal cells and epithelial pearl for­
mation. They are graded according to 
Broders’ classification.
A subdivision, the basaloid or baso- 
squamous carcinoma has been recently dis­
tinguished. It is a variant of the simple 
squamous carcinoma with areas which re­
semble basal cell carcinoma with peripher­
al palisading of cells. These lesions are 
further distinguished by an absence of 
epithelial pearl formation. Identification of 
this group among the squamous cell lesions 
is urged on the basis that they have 
a better prognosis.7- 11
“Department of Surgery, Vancouver General Hos­
pital; Faculty of Medicine, University of British 
Columbia, and British Columbia Cancer Institute, 
Vancouver, B.C.
2. Undifferentiated carcinoma.— These 
lesions have no characteristics by which to 
identify them as being of squamous cell 
origin. They are featured by masses of small 
cells not unlike those of an oat-cell lesion 
of the bronchus.
Age and Sex
In this series there were 21 males and 
14 females, giving a 3:2 ratio. This is a 
reversal of the ratio reported by Grin- 
nell4- 5 and Judd and DeTar,6 each of whom 
reported a higher incidence of females.
TA BLE I I .—A g e  and S e x  I n c id en c e
Total cases...............................  35
Males................................  21
Females............................  14
No. o f
Age in years patients
3 0 - 3 9 .............................................................. I
40 - 49 ..............................................................  2
50 - 59 ..............................................................  8
60 - 69 ..............................................................  13
70 - 79 ..............................................................  7
80 - 89 ..............................................................  3
Unknown........................................................  1
Median age— 64.2 years.
The oldest patient was 85 years of age 
and the youngest 39 years of age, with a 
median age of 64.2 years. As seen in Table 
II, the majority of patients are in the older 
age group. In this series, two-thirds were 
over 60 years of age.
Associated Anorectal Pathology
Various anorectal conditions (fistulas, 
fissures, leukoplakia, hemorrhoids, radiation 
injury and lymphogranuloma venereum8) 
have been noted in association with squa­
mous cell carcinoma of the anus and were 
felt to have had some etiological signifi­
cance. Little evidence of predisposing path­
ology was found in this series. One case 
was associated with a recent fissure, and 
five with hemorrhoids. It is of interest that 
the treatment carried out on two of the 
patients with hemorrhoids led to the recog­
nition of the carcinoma on histological ex­
amination of the excised “hemorrhoids”.
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TABLE III.— Sym ptom s
Incidence %
Pain....................................................  20 57
Rectal bleeding................................  19 54
Constipation.....................................  15 43
Weight loss........................................ 14 40
Discharge..........................................  9 26
Mass.................................................... 8 23
Tenesmus...........................................  7 20
Itching or burning........................... 6 17
Diarrhea............................................. 5 14
A “ sore” ............................................. 4 11
Symptomatology
Rectal bleeding and pain in the anal re­
gion were the most common symptoms, 
being present in over 50% of the patients. 
These were followed closely by constipa­
tion ( 4 3 % )  and weight loss (40% ) .  The 
incidence of other common symptoms is 
noted in Table III. Other complaints found 
in one or two patients include fecal incon­
tinence, fatigue, pain and/or a mass in the 
groin, nausea and vomiting, abdominal pain, 
back ache and scrotal ache. No patient 
was asymptomatic. Most had complaints 
referable to the anorectal region, calling 
for adequate examination and biopsy.
Despite this, the average duration from 
onset of symptoms to treatment was 10.8 
months, the shortest history being one 
month, the longest five years.
Physical Findings
Conclusive local findings were evident 
in the majority of cases. Over 80% had 
either a nodular mass, an ulcer or regional 
induration. Approximately 15% had less 
obvious findings, such as apparently simple 
hemorrhoids or a tag of granulation tissue.
It is regrettable that the distinction of 
perianal from anal canal lesions was not 
possible from the data on some of the 
earlier charts.
M etastatic Spread
Spread from this lesion is by three 
routes: direct extension, lymphatic spread 
to the inguinal and mesenteric lymph 
nodes, and blood-stream spread.
1. D irect extension.—Local spread to ad­
jacent perirectal tissues, pelvic viscera, 
levator ani and sphincter muscles is com­
mon.8 In this group, perianal and perirec­
tal tissues were involved in 11 patients 
(31%), while the bladder was involved in 
two (6%).  Prostate and seminal vesicles 
were not reported to be involved in any of 
the cases in this series.
2. Lymphatic spread.— Drainage from the 
anal lymphatics may follow several routes 
and in the presence of malignancy may re­
sult in metastases. Involvement of the in­
guinal lymph nodes is classically associated 
with squamous cell carcinoma of the anus. 
Lymphatic drainage along the course of 
the inferior mesenteric vessels has received 
recent emphasis and may well be the prime 
direction of lymphatic spread. Grinnell,5 
for example, found spread to nodes along 
the inferior mesenteric vessels in 28% of 
25 patients treated by abdominoperineal re­
section. This incidence has led to a wider 
use of abdominoperineal resection in order 
to encompass these lymphatic channels. 
Finally, a study of perineal lymphatics in 
the female has shown that there are path­
ways which run anteriorly to the recto­
vaginal septum.1, 2 This evidence argues 
for removal of the posterior vaginal wall as 
part of the surgical excision for anal car­
cinoma.
Sedgwick and Wainstein8 report the 
presence of perirectal and mesocolic node 
involvement in 10.7 % and inguinal node in­
volvement in 17.8%. Grinned5 reports 
perirectal and mesocolic node involvement 
in 28% of 25 cases, and inguinal node in­
volvement in only 8.2% of 49 cases.
In this series, inguinal nodes were in­
volved in six cases (17%) (Table IV). 
Perirectal and mesocolic nodes were found 
to be involved in seven cases or 37% of 
19 patients, either at abdominoperineal
TABLE IV.— P r in c ipa l  S it e s  o f  Se co n d ary  
S pread
Incidence %
Perirectal and perianal tissues. . .  . 11 31
Perirectal and mesocolic nodes. . . .  7 20
Inguinal nodes............................ 6 17
Liver............................................. 5 14
Lungs...........................................  3 9
Kidney.........................................  2 6
Bone (left femur, T.12 - L .l
vertebrae).............................  2 6
Bladder........................................ 2 6
Vagina.........................................  1 3
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Fig. 1.—L.W. Gross specimen showing typical well-developed squamous carcinoma at anal 
margin.
resection or at autopsy. Only one case of 
vaginal involvement was noted.
3. B loodstream  spread.—Blood-stream 
dissemination is uncommon and few re­
ports of distant spread have appeared. In 
Steams’ report,8 seven out of 59 patients 
had clinically obvious liver metastases, two 
had lung metastases, one had spinal 
metastases, and one had multiple skin im­
plants. Grinnell4 reported two out of 51 
cases with liver metastases, and no evi­
dence of spine, lung, brain or other distant 
organ involvement. Sedgwick and Wain- 
stein8 had no cases with proved distant 
organ metastases.
Distant spread occurred in six patients 
in this study ( 1 7 % ) .  The liver was in­
volved in five of these, the lung in three, 
the kidneys in two and bone in two (Table 
IV). One patient had a diffuse spread to 
liver, lungs, pleura, pancreas, right adrenal, 
right maxillary antrum, dura and left femur. 
These are unusual sites of metastases, and 
the case history of this patient is pre­
sented.
C ase R eport
L.W., a 52-year-old man, was first admitted 
to the Vancouver General Hospital on March 
22, 1958, with a complaint of periodic diar­
rhea for two years, associated with bleeding 
and tenesmus. His most severe episode was 
two months earlier when the diarrhea lasted 
for two weeks. Self-diagnosed as “hemor­
rhoids”, he sought no medical help. One week 
before admission, rectal discharge and perineal 
pain caused him to see his doctor.
On examination the patient was found to be 
in good general health. There was no evidence 
of liver or inguinal lymph node involvement.
Rectal examination revealed a 5 x 2 cm. 
ulcerated mass on the left side of the anal 
canal (Fig. 1), which extended into the lower 
rectum. Biopsy revealed a squamous cell car­
cinoma of the anus.
The patient was treated by synchronous 
combined abdominoperineal resection. The 
pathology report showed this to be a poorly 
differentiated squamous cell carcinoma extend­
ing deeply into the bowel wall. Two of six 
mesocolic lymph nodes showed metastatic 
tumour.
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The patient was readmitted to the Van­
couver General Hospital 16 months later. His 
complaints were diffuse— leg pain, blurred 
vision in the right eye, right frontal and maxil­
lary swelling, right nasal obstruction and 
weight loss. The obvious maxillary disease 
proved to be metastatic in nature. Radiographs 
revealed the presence of a destructive infiltra­
tion of right periorbital and antral bones; meta­
static disease in both lungs, and an osteolytic 
lesion in the left femur. Finally, needle biopsy 
of the right maxillary antrum provided evi­
dence of a squamous cell carcinoma.
He was given a course of palliative cobalt 
therapy to the right maxillary antrum. He ex­
pired on August 30, 1959, one month after ad­
mission. At autopsy recurrent disease was 
found in the pelvis. Metastatic deposits were 
found in the lungs, liver, adrenals, kidneys, 
pancreas, lymph nodes about the carina, right 
maxillary antrum, left femur and dura. All 
areas of metastatic spread resembled the orig­
inal biopsy, obtained before the abdomino­
perineal resection.
T reatment and Results
The method and results of treatment of 
the patients in this series can be consid­
ered under several headings (Table V).
T A B L E  V .— P r im a ry  T r ea t m en t
No. of 
patients
Radium needle implant.....................................  8
Abdominoperineal resection............................  12
Local excision.......................................................  6
External irradiation...........................................  7
No treatment.......................................................  2
35
1. R adium  im plantation.—Eight patients 
received treatment by local radium needle 
implant. From the records, only three ap­
pear to have been potentially curable. Of 
these three, one is alive and well 12 years 
after therapy, one died at seven years of 
other causes, and one died in the fifth year 
from recurrent disease. Two of these three 
lesions were well-localized, perianal or 
marginal lesions. Thus, in suitable cases 
radium implantation appears to deal effec­
tively with the local disease (two of the 
three patients were five-year survivors).
2. A bdom inoperineal resection .—More re­
sections have been carried out in recent 
years; out of a total of 12, 10 have been
performed since 1950. In 11 patients, cure 
was possible; in one, obvious disease was 
left and the procedure was, at best, pallia­
tive. Of seven patients treated before five 
years ago, three are now alive and well. 
This results in a five-year survival rate of 
43%  following abdominoperineal resection. 
Two further patients are known to be 
alive and well at four years and two and 
one-half years, respectively. It is of interest 
that in the above-mentioned surviving pa­
tients, only a single perirectal lymph node 
was involved in one instance.
3. L oca l excision.—Six patients were 
treated by local excision. Two had supple­
mental external irradiation. One patient 
is alive and well at five years, having also 
survived a lobectomy for bronchogenic 
carcinoma. A second patient died seven 
years after treatment with no evidence of 
recurrent or metastatic disease. One other 
died within two years from recurrent dis­
ease. Three have not been followed-up and 
cannot be traced.
4. External irradiation.—Seven patients 
received external irradiation, either x-ray 
therapy or Cobalt'60, as the principal form 
of therapy. Six were of a purely palliative 
nature, four of these were treated in addi­
tion by means of an initial colostomy. In 
three further cases, irradiation was an ad­
junct to surgical therapy ( twice with local 
excisions, once with an abdominoperineal 
resection). These have been discussed 
above.
The place of external irradiation would 
appear to be palliative. Of the six patients 
treated by palliation, five were dead with­
in two years, while one is alive but with 
advanced disease four months after ther­
apy.
5. No treatm ent—tw o  cases.—Procedures 
incidental to other treatment were colos­
tomy and groin dissection. Simple colostomy 
was used as a palliative procedure with 
apparent benefit in four patients. Groin 
dissection was carried out in only one in­
stance. The patient, an elderly Chinese 
with right inguinal node involvement, had 
an abdominoperineal resection at the same 
time. He died nine months later from re­
current pelvic disease, left inguinal node 
involvement and other causes.
From this series it would appear that
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suspiciously enlarged lymph nodes do not 
always indicate metastatic disease. When 
the nodes are truly involved one can antici­
pate a poor prognosis. Clinically suspicious 
inguinal lymph nodes were noted in 17 
patients (49% )  but confirmed pathologic­
ally by autopsy or biopsy in only six 
(17% ). Of these six patients, four died 
within 10 months, one of recurrent disease 
at five years, and only one is alive just 
four months after treatment.
Others have reported little salvage from 
radical groin dissection.6' *•10 None of the 
patients, reported by Stearns,10 survived 
after groin dissection for primarily in­
volved inguinal nodes. Five patients sur­
vived two to five years after groin dissec­
tion for involved nodes appearing later. 
Radiation of involved, inoperable inguinal 
nodes has been of palliative value (Fig. 2).
Definitive conclusions regarding treat­
ment methods are not obtainable from this 
study. In general, they support the treat­
ment policy for carcinoma of the anus as 
formulated by the British Columbia Cancer 
Institute.12
“1. For the flat tumour involving one 
side of the anus only, a radium needle im­
plant is a satisfactory method of treatment, 
but great care has to be exercised in the 
proper placement of the needles and in 
assessing the dose.
2. More advanced tumours, and those 
extending up the anal canal, require an 
abdominoperineal excision.
3. In the operable case, involved inguin­
al nodes are treated by block dissection.
4. For advanced inoperable growths, 
supervoltage therapy will provide useful 
palliation.”
Su m m a r y
Thirty-five cases of squamous cell car­
cinoma of the anus and its variants are 
presented. Twenty-one were in males, 
fourteen in females, with a median age 
of 64.2 years. Rectal bleeding and pain 
were the commonest symptoms noted, fol­
lowed closely by constipation and weight 
loss. Nodularity, ulceration and induration 
were the usual presenting physical find­
ings. Methods of spread—direct extension, 
lymphatic and blood stream—are elabor-
Fig. 2.—Ulcerating, fungating inguinal lymph 
nodes before irradiation. After therapy this mass 
decreased to about one-third of the size shown.
ated upon and some unusual sites of blood­
stream metastases are noted. The method 
and results of treatment are discussed, with 
abdominoperineal resection giving the best 
five-year survival rate (43% ) .  It is noted 
that clinically enlarged inguinal lymph 
nodes are often uninvolved. Definitely posi­
tive inguinal lymph nodes indicate a poor 
prognosis. Finally, a treatment policy is 
outlined.
The authors wish to acknowledge the co-opera­
tion of Dr. A. M. Evans, British Columbia Cancer 
Institute; Dr. P. Vassar, Department of Pathology, 
University of British Columbia, and Dr. L. B. 
Fratkin.
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R esu m e
Le present article est une etude statistique por- 
tant sur 35 cas de carcinomes spinocellulaires de 
l’anus, observes entre 1935 et 1960 au “Vancouver 
General Hospital” et au “ British Columbia Cancer 
Institute” . Dans ce groupe il y a 21 hommes et 
14 femmes, ages en moyenne de 64 ans environ.
Lcs symptomes les plus souvent rencontres sont 
le saignement rectal et la douleur, suivis rapide- 
ment par de la constipation et une atteinte de 
l’etat general avec perte de poids. L’examen local 
permet en general un diagnostic facile. On trouve 
dans la region anale une zone d ’induration ou des 
nodules et parfois une ulceration. Les metastases 
se font selon trois routes diverses; soit directe- 
ment de proche en proche, les cellules cancereuses 
envahissant les tissus perirectaux et perianaux, le 
sphincter et les releveurs. La voie lymphatique 
permet l’atteinte des ganglions du pli inguinal. 
La metastatisation par voie sanguine est tres rare; 
dans ce cas il peut y avoir presence de cellules 
tumorales dans le foie, les poumons, la colonne 
vertebrate ou encore dans n’importe quelle region 
cutanee. En ce qui conceme le traitement, il est 
hors de doute que seule la resection abdomino- 
perineale large donne les meilleurs resultats avec 
43% de survie apres cinq ans. Les ganglions lym- 
phatiques inguinaux peuvent parfois apparaitre 
atteints cliniquement mais ne le sont pas toujours 
reellement; lorsque c ’est vraiment le cas, le pro- 
nostic devient tres mauvais. Il faut noter que 
lorsqu’on se trouve en presence de cas tout a fait 
au debut, le traitement par implantation d’aiguilles 
de radium peut etre suffisant; un tres grand soin 
devra etre apporte a la localisation de ces aiguilles 
et au calcul de la dose totale.
TREATMENT OF CANCER AND ALLIED 
DISEASES. 2nd ed. Vol. 7. Tumors of the Male 
Genitalia and the Urinary System. Edited by 
George T. Pack and Irving M. Ariel. 397 pp. 
Illust. Hoeber Medical Division, Harper & 
Row, Publishers, Inc., New York 16, 1962. 
$18.00.
This volume describes and evaluates the cur­
rently accepted methods of treating tumours 
of the male genitalia and the urinary tract. 
The applications of surgery, radiotherapy, hor­
monal therapy and chemotherapy in the con­
trol of these neoplasms are described in de­
tail. Operative procedures are authoritatively 
discussed by recognized experts.
The section on tumours of the male geni­
talia covers neoplasms of the penis, testis, 
prostate and male urethra. Two chapters on 
the treatment of testicular tumours present im­
proved techniques that have been developed 
on the basis of histological classification, ana­
tomic routes of dissemination and the degree 
of radiosensitivity. Four chapters on prostatic 
cancer present a truly modern approach to 
this subject and cover every aspect of its pres­
ent-day management.
The second portion of this volume deals 
with tumours of the urinary system and the 
adrenal gland. The currently accepted methods
of treatment of bladder tumours—cystoscopic, 
surgical and radiation are described. Three 
chapters are allotted to the treatment of renal 
cortical tumours, malignant tumours of the 
renal pelvis and nephroblastoma (Wilms’ 
tumour). Adrenal tumours are comprehensive­
ly discussed, including classification, physiolog­
ical aspects, clinical syndromes, diagnosis and 
management. A chapter is devoted to the use 
of ileum in the surgical treatment of neoplasms 
of the urinary tract and another chapter on the 
preoperative and postoperative care of patients 
subjected to surgery of the genitourinary sys­
tem.
This book contains a wealth of clinical ma­
terial and deals extensively with every phase 
of treatment. It is profusely illustrated with 
well-chosen photographs, drawings, diagrams 
and radiographs. An extensive bibliography is 
provided at the end of the book.
Thirty eminent authorities from some of the 
world’s foremost treatment centres have par­
ticipated in the preparation of this volume. It 
is obvious that a work of this type can only 
be produced by teamwork and co-operative 
authorship. A study of this work reveals a mass 
of information, which, apart from its value to 
the urologist, should command the attention 
of all other branches of medicine.
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THE CONTROL OF ROTATIONAL INSTABILITY AFTER 
INTRAMEDULLARY NAILING FOR FEMORAL SHAFT FRACTURES
IN ADULTS
J. R. BARBER, M.D. and R. A. HALIBURTON, M.D.,* W indsor, Ont.
I n t r a m e d u l l a r y  nailing has become an 
accepted procedure for the treatment of cer­
tain fractures of the femoral shaft in adults. 
When the nail is used for transverse frac­
tures in the isthmus of the femur, rotational 
stability can usually be demonstrated at the 
time of operation and additional fixation 
is not necessary. Should the fracture be 
proximal or distal to the isthmus, or if the 
fracture is comminuted, an intramedullary 
nail by itself will not adequately control 
rotation and additional fixation is desirable. 
Ordinarily one might prefer to treat the 
latter types of fracture by skeletal trac­
tion, but under certain circumstances the 
surgeon may feel that operative interven­
tion is necessary. The purpose of this paper 
is to review the indications for intramedul­
lary nailing in fractures of the femoral 
shaft, and to report six patients with seven 
fractures of the femoral shaft in whom ro­
tational instability was present after intra­
medullary nailing.
T he  I n dicatio n s  F or  In t r a m e d u l l a r y
N a il in g
Although the majority of femoral shaft 
fractures will unite with conservative treat­
ment, there are patients in whom open re­
duction is necessary. An intramedullary 
nail provides the most stable form of in­
ternal fixation, and with few exceptions 
an intramedullary nail should be used 
when open reduction of a femoral shaft 
fracture is carried out. Open reduction is 
indicated in the following circumstances:
1. Displaced transverse fractures in the 
isthmus of the femur are mechanically ideal 
for fixation with an intramedullary nail and 
this is usually the treatment of choice.
2. Internal fixation of femoral shaft frac­
tures may be necessary in order to facilitate 
the treatment of other major injuries. As 
has been pointed out by Hayes,2 this is 
particularly true when there is an open
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fracture of the tibia of the same leg with 
severe skin loss, necessitating secondary 
plastic procedures.
3. In agreement with Prothero, First and 
Mithofer,5 fractures of the femoral shaft in 
elderly patients are best treated by fixation 
with an intramedullary nail to avoid the 
complications of prolonged immobilization.
4. Secondary open reduction is the only 
alternative when skeletal traction fails to ob­
tain satisfactory position of the fragments, 
and when it is felt that malunion or non­
union will result.
C ase R eports
Case 1.— A 49-year-old lady sustained a 
closed comminuted fracture of the left distal 
femoral shaft and a compound fracture of the 
distal shaft of the left tibia in an automobile 
accident on July 24, 1958. The position of the 
fragments of the fractured femur was satisfac­
tory after skeletal traction, but because skin 
loss at the site of the fractured tibia required 
secondary plastic procedures, it was felt that 
open reduction was necessary to facilitate treat­
ment of the tibial fracture. Accordingly, on Sep­
tember 17, 1958, open reduction of the femur 
with a Kiintscher nail and circumferential wires 
was carried out. Autogenous bone grafts from 
the iliac crest were laid across the medial side 
of the fracture. After fixation there was gross 
rotational instability. Postoperatively, attention 
was paid to maintaining the leg in neutral 
rotation with pillows and sand-bags; a spica 
cast was not applied. The femoral fracture was 
radiologically united in March 1959 and there 
was no rotational deformity of the leg. On 
August 8, 1960, range of motion in the left 
knee was 180° to 60°.
C ase 2.—A 28-year-old man sustained a 
closed comminuted fracture of the shaft of the 
left femur and a closed fracture of the shaft 
of the left tibia in an automobile accident on 
August 16, 1959. He was treated initially by 
open reduction of the left tibia and skeletal 
traction for the left femur. The position of the 
femoral fracture was not satisfactory despite 
manipulation under anesthesia, and open re­
duction was carried out on September 15,
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Fig. 1.—Case 3. An 18-year-old girl with a fracture of the left upper femoral shaft, 
(a) An anteroposterior radiograph taken with the patient in skeletal traction shows abduc­
tion of the proximal fragment and unsatisfactory position of the fracture, (b) An antero­
posterior film taken seven months after internal fixation with a Kuntscher nail and Lane 
plate shows solid bony union of the fracture.
1959. A large butterfly fragment was fixed 
to the proximal fragment by circumferential 
wires, and a Kiintscher nail was inserted. A 
six-hole Lane plate with short screws was 
applied across the lateral side of the fracture 
to control rotation. Homogenous bone grafts 
were laid across the medial side of the frac­
ture. Postoperatively, the patient remained in 
a spica cast until May 25, 1960. The fractured 
femur was radiologically united on September 
17, 1960, and there was no rotational deform­
ity of the leg. On October 23, 1961, range 
of motion in the left knee was 180° to 80°.
C a se  3.— This patient, an 18-year-old girl, 
sustained multiple injuries on September 10, 
1959, when she was struck by an automobile. 
Her major injuries were a fracture of the pelvis 
with a ruptured bladder, a closed fracture of 
the upper shaft of the left femur and a closed 
fracture of the shaft of the right tibia. She 
was treated by immediate laparotomy and
bladder repair, skeletal traction for the frac­
tured femur, and closed reduction and a cast 
for the fractured tibia. The position of the 
fracture of the femur was not satisfactory in 
skeletal traction (Fig. la ) ,  and on September 
25, 1959, open reduction and intramedullary 
nailing of the left femur were earned out. 
The Kuntscher nail did not control rotation, 
and a six-hole Lane plate was applied with 
short screws across the lateral side of the frac­
ture. Autogenous bone grafts from the iliac 
crest were laid across the medial side of the 
fracture. A spica cast was not applied. On 
April 12, 1960, there was no rotational de­
formity of the leg; there was full range of 
motion in the left knee and the fracture was 
radiologically united (Fig. lb ) .  On December 
13, 1960, the internal fixation was removed.
C ase 4.— This 45-year-old man sustained a 
closed transverse fracture of the upper shaft 
of the right femur on October 19, 1959,
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when he was struck by an automobile. The 
fracture was considered ideal for internal fix­
ation, and on October 20, 1959, a Kiintscher 
nail was inserted. After insertion of the nail, 
the fracture appeared to be stable on rotation 
of the leg. A spica cast was not applied. On 
January 16, 1960, an external rotational de­
formity of 25° was noted in the right leg. The 
fracture was radiologically united on August 
6, 1960, and the patient had full range of 
motion in the right knee. The external rota­
tion deformity has persisted and is felt to be 
the result of malunion of the fracture.
C ase 5.— A 27-year-old man sustained 
closed fractures of the shafts of both femurs 
on August 24, 1961, when he was struck by 
an automobile. In order to facilitate his care, 
it was decided that open reduction of one 
fracture should be done initially. The frac­
ture of the distal shaft of the left femur 
(Fig. 2a) was felt to be more suitable for 
open reduction, and on August 25, 1961, a 
Kiintscher nail was inserted. Rotation was con­
trolled by a six-hole Lane plate with short
a b
Fig. 2.—Case 5. A 27-year-old man with frac­
tures of both femoral shafts, (a) An antero­
posterior radiograph of the fracture of the distal 
shaft of the left femur taken on admission to 
hospital, (b) An anteroposterior film taken eight 
months after internal fixation with a Kiintscher 
nail and Lane plate shows solid bony union of 
the fracture. One screw has been extruded.
b
Fig. 3.—Case 6. A 20-year-old man with a frac­
ture of the left femoral shaft, (a) The radiograph 
taken on admission to hospital shows a large but­
terfly fragment with displacement of the fracture, 
(b) An anteroposterior film taken five months after 
internal fixation with circumferential wires, a 
Kiintscher nail and a Lane plate shows good callus 
formation but incomplete bony union.
screws applied across the lateral side of the 
fracture. Autogenous bone grafts from the iliac 
crest were laid across the medial side of the 
fracture. The fracture of the right femur was 
treated initially by skeletal traction. The frac­
ture was in the mid-upper shaft and there was 
a large butterfly fragment. The position of the 
fragments was not satisfactory after skeletal 
traction, and on August 31, 1961, open reduc­
tion of the right femur was carried out. A 
large butterfly fragment was fixed to the prox­
imal fragment with circumferential wires, and 
a Kiintscher nail was inserted. A six-hole Lane 
plate with short screws was applied across the 
lateral side of the fracture to control rotation. 
Homogenous bone grafts were laid across the 
medial side of the fracture. Postoperatively, 
the patient was kept at bed rest for eight 
weeks and a spica cast was not applied. At 
that time he had full range of motion in both 
knees and there was no rotational deformity 
of the legs. Both fractures were radiologically 
united on March 31, 1962. The fracture of 
the left femur after union is shown in Fig. 2b.
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T A BLE  I. P a t i e n t s  w tth  R o t a t io n a l  I n s t a b i l i t y  a f t e r  I n t r a m e d u l l a r y  N a il in g  f o r  F e m o r a l  S h a f t  F r a c t u r e s
Case
Age in 
years Sex
Indications for 
operation Type of fixation
Time for 
radiological 
union
Range of 
motion 
knee Complications
1 49 F To simplify treatment 
of fractured tibia same 
leg
Intramedullary nail.
Circumferential
wires
6 months 180 - 60° None
2 28 M Skeletal traction un­
satisfactory
Intramedullary nail. 
Circumferential 
wires. Lane plate
12 months 180 - 80° None
3 18 F Skeletal traction un­
satisfactory
Intramedullary nail. 
Lane plate
7 months Full None
4 45 M Displaced transverse 
fracture
Intramedullary nail. 10 months Full 25° external rotation de­
formity
M
L
To simplify treat­
ment of fractured 
right femur
Intramedullary nail. 
Lane plate
8 months Full None
R Skeletal traction 
unsatisfactory
Intramedullary nail. 
Circumferential 
wires. Lane plate
8 months Full None
6 20 M Skeletal traction un­
satisfactory
Intramedullary nail. 
Circumferential 
wires. Lane plate
5 months 
_ 4-
Union not 
complete
180 -  45° None
Case 6.— This patient, a 20-year-old man, 
sustained a closed comminuted fracture of the 
shaft of the left femur (Fig. 3a) and a com­
pound fracture of the shaft of the left tibia 
on October 21, 1961, when he was struck by 
an automobile. He was treated by immediate 
open reduction and internal fixation of the left 
tibia and skeletal traction for the left femur. 
The fragments of the left femur were not in 
a satisfactory position after skeletal traction, 
and open reduction was carried out on Octo­
ber 26, 1961. A large butterfly fragment was 
fixed with circumferential wires to the distal 
fragment and a Kiintscher nail was inserted. 
Rotation was controlled by an eight-hole Lane 
plate with short screws applied across the 
lateral side of the fracture. Homogenous bone 
grafts were laid across the medial side of the 
fracture. Postoperatively, he was in a spica 
cast until January 26, 1962. On March 30, 
1962, radiological union of the fractured femur 
was not complete but appeared to be progress­
ing favourably (Fig. 3b). There was no rota­
tional deformity of the leg and range of mo­
tion in the left knee was 180° to 45°.
D iscussion
O f the seven fractures treated by open 
reduction, four were operated upon after 
skeletal traction failed to produce satis­
factory position of the fragments, two were 
operated upon to simplify the treatment of 
another major fracture, and one was con­
sidered ideal for fixation with an intramed­
ullary nail (Table I). Rotational instability 
was present after the insertion of an intra­
medullary nail in all seven fractures. In
one patient, instability was not recognized 
at the time o f operation, additional fixa­
tion was not used, and a 25° external rota­
tion deformity at the fracture site resulted. 
In one patient the rotational instability was 
managed by careful postoperative position­
ing and deformity was avoided. Rotation in 
the other five fractures was controlled by 
the additional fixation of a Lane plate with 
short screws. The insertion of the nail in 
three patients with large butterfly frag­
ments was facilitated by the preliminary 
circumferential wiring of the separate frag­
ment to one of the main fragments. There 
are surprisingly few  papers in the literature 
on the use of supplemental internal fixation 
with intramedullary nailing. Hampton1 re­
cently reported favourably on its use in 21 
patients with fractures of the femoral shaft. 
The use of multiple metallic internal fixation 
devices introduces the hazard of electro­
lytic dissolution of bone. The same metal 
should be used for the various compon­
ents, and it is recommended that the hard­
ware be removed after the patient is re­
habilitated. Bone absorption was not a 
problem in the patients in the present 
series. The authors have not had experience 
with special types o f nails such as the one 
described by Pavlik,4 recommended for use 
in fractures distal to the isthmus, nor have 
they used the crossed Rush-pin technique. 
In the future it may be possible to use a 
plastic intramedullary nail through which 
transfixing screws can be inserted, as sug-
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gested by Macnab.3 A spica cast was not 
used postoperatively unless there was a 
fracture of the tibia of the same leg. The 
use of supplemental internal fixation elim­
inates the necessity for a spica cast and 
permits early restoration of motion in the 
knee. The three patients with a fracture of 
the tibia of the same leg had some restric­
tion of flexion of the knee, but the other 
patients all regained full range of motion.
Radiological union has been obtained in 
all patients except the patient operated 
upon five months before this report, and it 
is felt that the outlook is favourable in 
this patient. Onlay bone grafts were used 
in all patients with the exception of one 
and it is recommended that bone grafting 
be carried out in all patients operated 
upon. It is often difficult to tell when radio­
logical union has occurred, as there may be 
abundant callus medially while the frac­
ture line remains open laterally. Union in 
our patients occurred between six and 12 
months after operation. Serious postopera­
tive complications, with the exception of 
rotational deformity in one patient, did not 
occur in this small group of patients.
Su m m a r y
The indications for intramedullary nail­
ing of femoral shaft fractures in adults 
have been reviewed. The authors have re­
ported upon six patients with seven frac­
tures of the femoral shaft who had rota­
tional instability of the fracture after 
intramedullary nailing. Rotational instabil­
ity was controlled in five fractures by the 
additional fixation of a Lane plate and short
screws, with or without circumferential 
wires. Intramedullary nailing with supple­
mental fixation is recommended for a small 
group of patients with femoral shaft frac­
tures who require open reduction.
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R esume
L ’enclouage medullaire des fractures du femur 
est une methode largement repandue et bien 
connue a l’heure actuelle. II faut cependant noter 
que si cette technique permet une bonne fixation 
des fragments dans le sens longitudinal, elle ne 
permet pas de controler parfaitement le deplace­
ment rotatoire dans certains cas. Apres avoir 
rappele les indications de l’enclouage selon Kiint- 
scher, les auteurs rapportent six cas personnels 
observes chez des malades adultes ou ils ren- 
contrerent une difficulty a fixer la rotation. Ils 
recommandent d’avoir recours soit a une fixation 
adjuvante par plaque de Lane et vis courtes, 
lorsque le trait de fracture est simple, soit a des 
cerclages au fil lorsqu’il s’agit d’une fracture multi- 
fragmentaire. Ils ont pratique ceci soit immediate- 
ment lors de Fenclouage, soit dans un deuxieme 
temps, si le defaut de rotation n’avait ete repere 
que plus tard. Bien entendu, l’inconvenient de ce 
systeme est de necessiter l’ouverture du foyer de 
fracture; il faut done reserver cette methode aux 
cas qui l’exigent. Les resultats presentes ici ont 
ete tout a fait satisfaisants.
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INTERNAL ROTATION DEFORMITY IN THE FIXATION OF 
INTERTROCHANTERIC FRACTURES
R. A. HALIBURTON, M.D.* and J. R. BARBER, M.D., Windsor, Ont.
A lth o ugh  the majority of intertrochanteric 
fractures of the femur will unite with con­
servative treatment, most surgeons will 
agree that early internal fixation is the 
treatment of choice. Through experience 
gained at fracture review clinics, the auth­
ors have been impressed by the number of 
these cases in which the fracture has been 
nailed with an internal rotation deformity 
at the fracture site, and by the resultant 
difficulties faced by the surgeon, as seen on 
the operative radiographs. The purpose of 
this report is to present a review of intertro­
chanteric fractures treated by internal fixa­
tion, with special reference to the problem 
of internal rotation deformity.
Morris,4 in an early report on the opera­
tive treatment of trochanteric fractures, 
pointed out that in most cases it is neces­
sary to rotate the extremity laterally as 
much as 25° to 30° in order to close the 
fracture line posteriorly. Evans1, 2 re-em- 
phasized the necessity for lateral rotation 
of the extremity, especially in the commin­
uted fractures. He pointed out that overlap 
of the anterior cortices at the fracture site, 
as seen on the lateral radiograph, consti­
tuted an internal rotation deformity and 
made pinning technically difficult.
From the present study, three types of 
internal rotation deformity at the fracture 
site have been classified as seen on the 
lateral radiograph: Type 1—the anterior 
cortex of the distal fragment overlaps and 
lies anterior to the anterior cortex of the 
proximal fragment (Fig. 3); Type 2—the 
anterior cortex of the distal fragment over­
laps and lies posterior to the anterior cor­
tex of the proximal fragment (Fig. 6); 
Type 3—the anterior cortices of the proxi­
mal and distal fragments are in apposition 
at the fracture site, but there is posterior 
angulation and the fracture surfaces are 
separated posteriorly (Fig. 7).
*402 Medical Arts Building, Windsor, Ont.
R ev iew  o f  In tertro chanteric
F ractu res T reated  in  W indsor, O n t .
In Windsor, trochanteric fractures are 
treated by many surgeons, among whom 
the surgical technique is fairly uniform. 
The patient is placed on a fracture table 
with the affected leg in traction and ab­
duction. The position of the fracture and 
internal fixation devices is checked by an­
teroposterior and lateral radiographs in the 
operating theatre. The trochanteric area is 
exposed by a straight lateral approach. 
The majority of surgeons use guide pins 
and either a separate or a one-piece nail 
plate combination for internal fixation.
The authors have reviewed the opera­
tive films, and in appropriate cases the 
follow-up radiographs, of 92 consecutive 
patients with intertrochanteric fractures 
treated by internal fixation from 1958 to 
1960. Patients who had an associated sub­
trochanteric fracture were eliminated from 
the series. The films of patients who had 
an internal rotation deformity at the frac­
ture site, as seen on the operative radio­
graphs, were selected for special study. An 
internal rotation deformity was present in 
29 of the 92 cases reviewed. In 23 of these 
29 patients, the fracture was comminuted 
and the lesser trochanter was a separate 
fragment (Fig. 1). The most common type 
of deformity was Type 1, seen in 23 pa­
tients; Type 2 deformity occurred in five 
patients; Type 3 deformity occurred in only 
one patient (Table I). The deformity was 
present on the radiograph taken after closed 
reduction in 25 patients. The initial film 
showed good reduction in four patients 
(Fig. 2), but a Type 1 deformity was pro­
duced by maldirected guide pins or nails 
which displaced the proximal fragment into 
external rotation (Fig. 3). The deformity 
was corrected satisfactorily in 13 of the 29 
patients and the final operative radiographs 
showed that the fracture was pinned in 
good position. One patient with a marked 
Type 1 deformity after internal fixation was 
reoperated upon two weeks later and the
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TABLE I .— I n te r t r o c h a n t e r ic  F r a c t u r e s  w it h  
I n te r n a l  R o ta t io n  D e f o r m it y
Classification
No. of
Type of deformity patients
Type 1 ........................................... 23
Type 2 .......................................... 5
Type 3 .......................................... 1
Total.............................................. 29
fracture was fixed in good position. At­
tempts at internal fixation were given up in 
one patient with a Type 2 deformity and 
the fracture was treated in traction. Two 
patients with the fracture pinned in inter­
nal rotation died postoperatively. The re­
maining 12 patients, all of whom had the 
fracture pinned with a Type 1 deformity, 
survived and follow-up radiographs were 
available for review (Table II). Normally
TABLE I I .— I n t e r t r o c h a n t e r ic  F r a c t u r e s  
P in n e d  w it h  I n t e r n a l  R o ta t io n  D e f o r m it y
No. of
Radiographic follow-up patients
Union in 5 months or less.......................  9
Union in 6 months or more....................  2
Non-union................................................  1
Total.............................................  12
an intertrochanteric fracture, fixed ade­
quately in good position, will unite in four 
months. Union of the fracture in five 
months or less occurred in nine patients. 
Delayed union, requiring six months or 
longer, occurred in two patients (Fig. 8). 
Non-union occurred in one patient who 
had the fracture pinned with a marked 
Type 1 deformity (Fig. 9).
Patients in whom the fracture healed 
with an internal rotation deformity were 
not available to the authors for examina­
tion, with the exception of one patient op­
erated upon by us. This patient could ex­
ternally rotate her leg beyond the neutral 
position and had no complaints. It is our 
impression that there is little functional 
disability provided the deformity is not 
excessive and the fracture has united.
D iscussion
The surgeon, when reducing a hip frac­
ture, internally rotates the leg for two rea­
sons; first to reduce the fracture, and
secondly to rotate the neck of the femur 
to a horizontal plane in order to facilitate 
the insertion of internal fixation devices. 
The patient with an intertrochanteric frac­
ture lies typically with the affected leg in 
external rotation. Such a position however 
does not necessarily indicate an external 
rotation deformity at the fracture site. Lat­
eral radiographs of the hip with the leg in 
external rotation in some patients with in­
tertrochanteric fractures will show good 
apposition of the main fragments. When 
the fracture is unstable, internal rotation of 
the leg may result in an internal rotation 
deformity. Occasionally, maldirected inter­
nal fixation devices will convert a satisfac­
tory reduction into an internal rotation de­
formity. The immediate significance of the 
deformity is that it makes the insertion of 
a nail through the lateral cortex of the 
trochanter up the neck of the femur tech­
nically difficult; indeed it may be impossible 
if the neck has a marked posterior inclina­
tion. When this deformity is present, the 
guide pins are often inserted in one of two 
malpositions. The guide pin is positioned 
too far posteriorly (Fig. 3 ), or it passes 
through, or anterior to, the anterior cortex 
of the neck of the femur (Fig. 4). Should 
the deformity be minimal, the nail can be 
inserted in an acceptable position (Fig. 5 ). 
The presence of a marked deformity neces­
sitates reduction of the fracture in order 
to facilitate the operative procedure and 
to ensure adequate apposition and fixation 
of the fragments. Horwitz3 recommended 
operating upon patients with trochanteric 
fractures in the prone position, and utilized 
the posterolateral approach to expose the 
fracture site. The advantage of the prone 
position is that gravity mitigates the ten­
dency of these fractures to angulate posteri­
orly. Taylor, Neufeld and Nickel5 described 
the maneuver of placing the fingers of one 
hand behind the trochanteric area and lift­
ing the fracture fragments forward to cor­
rect posterior angulation. The present auth­
ors place the patient on a fracture 
table in the supine position with the 
aifected leg in neutral rotation. If the later­
al radiograph shows an internal rotation 
deformity, the leg is rotated externally 15° 
to 20°. The trochanteric area is exposed 
by a lateral approach and a Vfc" drill hole
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Figs. 4 and 5
Figs. 1 to 5 . - jM.C., an 83-year-old lady, who sustained a comminuted intertrochan­
teric fracture of the left hip. Fig. 1.—An anteroposterior radiograph taken on admission to 
hospital shows' the lesser trochanter as a separate fragment (retouched). Fig. 2.—A lateral 
radiograph taken after closed reduction shows good alignment and apposition of the main 
fracture fragments (retouched). Fig. 3.—The guide pin has been inserted too far posteriorly, 
displacing the neck into external rotation and producing a Type 1 internal rotation deform­
ity. The anterior cortex of the distal fragment overlaps and lies anterior to the anterior 
cortex of the proximal fragment (retouched). Fig. 4.—The guide pin has been inserted anterior 
to the anterior cortex of the proximal fragment (retouched). Fig. 5.—The deformity has been 
almost completely corrected and the nail inserted in an acceptable position (retouched).
is made in the lateral cortex in a suitable 
position for insertion of the nail. The 
muscle attachments are stripped from the 
posterior aspect of the trochanter so that 
the fragments can be controlled from be­
hind as described by Taylor et al. When 
the deformity is the usual Type 1, the
proximal shaft of the femur is displaced 
laterally with a bone forceps to disimpact 
the fracture, and the femoral neck can 
easily be elevated into alignment by two 
or three fingers posterior to the trochanter. 
For Type 2 deformities, the fracture site 
is exposed anteriorly and, with the use of
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Fig. 6.—B.B., a 70-year-old lady, who sustained a comminuted intertrochanteric frac­
ture of the right hip. The lateral film taken after closed reduction shows a Type 2 internal 
rotation deformity. The anterior cortex of the distal fragment overlaps and lies posterior to 
the anterior cortex of the proximal fragment (retouched).
a bone forceps, the shaft of the femur is 
lifted into proper alignment with the prox­
imal fragment, and rotation is adjusted 
under direct vision. Type 3 deformities are
more difficult to recognize and may occur 
more often than this study would suggest. 
The patient with the Type 3 deformity 
was operated upon by one of the authors.
Fig. 7.—A.P., a 95-year-old man, who sustained a comminuted intertrochanteric frac­
ture of the right hip. The lateral radiograph taken after closed reduction shows a Type 3 
internal rotation deformity. The anterior cortices are apposed but there is posterior angula­
tion and the fragments are separated posteriorly (retouched).
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Fig. 8.—M.W., a 60-year-old lady, who sustained a comminuted intertrochanteric frac­ture of the right hip. The lateral radiograph taken six months after the injury shows a Type 1 internal rotation deformity, with malposition of the nail and union of the fracture (re­touched).
Before surgical exposure, lateral radio­graphs were taken with the leg in exter­
nal and internal rotation. The film taken with the leg in external rotation showed 
good alignment of the fragments, whereas 
the film taken with the leg in internal rota­tion showed posterior angulation at the
fracture site (Fig. 7). The leg was then rotated externally, the angulation of the 
fragments was controlled from behind and 
the fracture pinned without difficulty. 
Evans- has pointed out that precise place­
ment and length of nail are not essential in the treatment of intertrochanteric fractures.
Fig. 9.—E.A., a 74-year-old lady, who sustained a comminuted intertrochanteric frac­ture of the right hip. The lateral radiograph taken 22 months after the injury shows a Type 1 internal rotation deformity, with malposition of the nail and non-union of the fracture. The nail-plate junction has separated (retouched).
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Because precision is not required, the 
authors prefer to insert the nail without 
the use of a guide pin. Provided the frag­
ments are aligned satisfactorily and the 
tip of the nail is within the cortex of 
the femoral neck, the use of a mallet is 
not necessary until the nail reaches the re­
sistant bone of the femoral head. With ex­
perience, the nail can be felt to traverse 
the neck without undue resistance and one 
can be assured of satisfactory placement. 
This method enables the surgeon to insert 
the nail with one hand while maintaining 
alignment of the fragments from behind 
with the other hand, and greatly facilitates 
the operative management of these fractures 
with rotational instability.
Su m m a r y
The radiographic criteria for recogniz­
ing internal rotation deformity in intertro­
chanteric fractures is presented. Commin­
uted intertrochanteric fractures frequently 
are not stable with the leg in internal ro­
tation, resulting in an internal rotation de­
formity at the fracture site. Internal 
rotation deformity in intertrochanteric frac­
tures makes the insertion of a nail technic­
ally difficult and may result in delayed 
union if the deformity is marked and the 
fracture is fixed in this position. An opera­
tive method for the management of inter­
nal rotation deformity in intertrochanteric 
fractures is presented.
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R esume
La plupart des chirurgiens s’accordent a recon- 
naitre que la fixation interne des fractures inter- 
trochanteriennes est le traitement de choix. Les 
auteurs ont cependant ete frappes par le grand 
nombre de cas cliniques dans lesquels cette fixa­
tion par enclouage se revele insuffisante en ce qui 
conceme la rotation. Selon l’experience des au­
teurs, ces deformations en rotation interne peuvent 
etre cataloguees en trois classes, correspondant aux 
images radiologiques laterales: 1) le cortex ante- 
rieur du fragment distal chevauche et se trouve 
deplace en avant du cortex anterieur du frag­
ment proximal; 2 ) le cortex anterieur du fragment 
distal chevauche et se trouve deplace en arriere 
du cortex anterieur du fragment proximal; 3) les 
cortex anterieurs des deux fragments sont bien 
accoles, mais il existe une angulation posterieure 
et les surfaces de fracture sont disjointes en 
arriere. Les auteurs ont examine 92 cas de ce 
genre et ont constate que la deformation la plus 
frequente est celle decrite sous le type 1, suivie du 
type 3, puis du type 2. Souvent la reduction pre­
miere est satisfaisante, mais est defaite lors de I’in- 
sertion du clou ou des guides. Une technique 
operatoire detaillee est exposee ici. Selon les i n d i ­
cations radiologiques, le type 1 sera aborde par 
voie laterale et les fragments maintenus en place 
directement avec les doigts places en arriere du tro­
chanter. Pour les fractures du type 2 on s’adressera 
a une voie d’acces anterieure degageant le foyer 
de fracture et a l’aide d’une pince a os on ame- 
nera le corps femoral en position correcte et on 
reduira la rotation sous le controle de la vue. Les 
manoeuvres deviennent plus difficiles en ce qui 
conceme le type 3.
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R E V I E W  A R T I C L E
INCARCERATED INGUINAL HERNIA IN INFANTS AND CHILDREN: 
A FIVE-YEAR REVIEW AT THE HOSPITAL FOR SICK CHILDREN, 
TORONTO, 1955 TO 1959 INCLUSIVE
G. A. FARROW, M.D.* and STUART THOMSON, M .D .,t Toronto
Introduction
Only a few years ago the outpatient de­
partments in many pediatric clinics kept a 
complete supply of trusses for infants with 
inguinal hernias. The most popular type in 
The Hospital for Sick Children, Toronto, 
was the cross-body spring truss. No such 
appliance is available or used today. For­
merly, the popular teaching and practice 
was to avoid operation for the first year 
of life unless an emergency forced the 
issue. Pediatric surgeons as such were few 
and they found infant herniotomies diffi­
cult and particularly troublesome when 
complicated. Today, pediatric surgery is so 
well established that the teaching and prac­
tice have radically changed.
Incarceration
Incarceration is the most common com­
plication of inguinal hernia in pediatric 
practice. Ambiguity has arisen regarding 
the definition of irreducibility, incarceration 
and strangulation as related to inguinal 
hernia. Irreducibility of an inguinal hernia 
refers to the clinical non-reducibility of the 
hernial swelling. Incarceration refers to the 
interference of the normal progression of 
bowel contents in that part of the bowel 
confined in the hernial sac. An incarcerated 
inguinal hernia is always irreducible and 
in pediatric practice usually the converse 
is true, namely, an irreducible hernia is 
always incarcerated. As a result many clin­
icians use these terms synonymously. 
Strangulation refers to embarrassment of 
circulation of the contents of the hernial 
sac, beginning with venous obstruction, 
and progressing to arterial obstruction with 
gradual devitalization of the part.
“ Surgical Resident, The Hospital for Sick Chil­
dren, Toronto.
tAssociate Surgeon, The Hospital for Sick Chil­
dren, Toronto; Associate Professor, Department 
of Surgery, University of Toronto.
Incidence
In this series, 2566 infants and children 
were admitted with a diagnosis of inguinal 
hernia, and 165 (6 .5% ) of this group had 
an incarcerated inguinal hernia (Table I ).
TABLE I.— I n c id e n c e  of I n c a r c e r a t io n s
Total number %
of -patients incarceration
The Hospital for Sick
Children, Toronto.. . . 2566 6 .5
DeBoer2............................ 2110 18
Clatworthy and
Thompson1.................. 940 14
Moscarella and
Stanley-Brown1.......... 447 9
Kiesewetter3.................... 453 5
DeBoer2 reported an 18% incidence of in­
carceration in a series of 2110 patients. 
Clatworthy and Thompson1 reported 14% 
in 940 children, and Moscarella and Stan­
ley-Brown4 in a recent publication reported 
that 9% of 447 patients with inguinal her­
nia presented with incarceration. Kiesewet- 
ter'! found 5%  of 453 patients with incar­
ceration. Of the 165 patients with the 
diagnosis of incarceration in this series, ap­
proximately 90% were males. Almost 50% 
were under six months of age, and over 
80% were under two years of age 
(Fig. 1). DeBoer2 also found 60% were 
under six months of age and 80% were 
under two years. Potts, Riker and Lewis,5 
in a series of 600 inguinal hernias in in­
fants and children, found that 26% of 
those under four months of age had symp­
toms of incarceration, while only 6%  of 
the children over 18 months of age pre­
sented with such symptoms. This high fre­
quency of incarceration in infants is the 
main factor underlying the present appeal 
for treatment of the inguinal hernia when 
first seen in the infant. The lower incidence 
of incarceration in this series possibly re­
flects the result of early operation.
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A g e  In c id en ce  ol Incarceration
D iagnosis
In this series of incarcerated hernias, a 
persistent inguinal swelling was present in 
all patients; irritability and crying occur­
red in 122. Over 50% of this group had 
a previous history of inguinal hernia. Vom­
iting was present in 75 patients, while 
abdominal distension was noted in 21, and 
frank dehydration was observed in 10 chil­
dren. Blood in the stool was present in 
only three patients, two of whom had a 
healthy bowel at operation. In the third 
child the hernial sac included a Meckel’s 
diverticulum, which was resected six weeks 
later because it contained a bleeding peptic 
ulcer. Abdominal borborygmi or radiolog­
ical evidence of bowel obstruction was 
present in 10 patients (Table II).
Hydrocele of the cord and inguinal 
adenitis must be differentiated from in­
carcerated inguinal hernia. A hydrocele 
will transilluminate and is not tender. There 
are no superficial lymph nodes situated 
above the level of Poupart’s ligament,
TABLE II.— Sy m p to m s
%  involved
Swelling................................................................  100
Irritability............................................................  74
Previous history..................................................  54
Vomiting............................................................... 45
Abdominal distension..........................................  13
Dehydration......................................................... 6
Local skin discolouration....................................  6
Radiographic signs of bowel obstruction..........  5
Borborygmi..........................................................  2
Blood in the stool................................................  2
therefore the mass caused by inguinal aden­
itis will be more distal and lateral than a 
cord structure. Inguinal lymphadenitis and 
abscess formation are painful and tender, 
and may show changes in the overlying 
skin. Ten of the patients with incarcerated 
hernias in this series, however, showed red­
ness and edema of the overlying skin. A 
previous history of a recurrent swelling, the 
presence of bowel sounds on auscultation 
or radiological evidence of air in the in­
guinal swelling are diagnostic of hernia.
Treatment
Incarcerated inguinal hernia must be re­
garded and treated as a surgical emerg­
ency. However, the hernia can frequently 
be reduced by non-operative means and 
repaired electively a few days later. This
TABLE III.—R e spo n se  to  C o n serva tive  
T r e a t m e n t
Number of %  reduced 
incarcerations conservatively
The Hospital for Sick 
Children, Toronto. 165 53
Clatworthy and 
Thompson1............. 134 49
Thorndike and
Ferguson6.............. 160 75
Kiesewetter3.............. 24 75
conservative therapy includes sedation, 
elevation of the foot of the bed, ice packs 
to scrotum, and, after a short interval, 
gentle taxis may be tried. In this series, 
88 patients (5 3 % ) responded to this regi­
men, while 77 (46.6% ) underwent emer­
gency operation (Table III). Clatworthy 
and Thompson1 performed emergency op­
erations upon 51% of infants and children 
presenting with incarcerated inguinal her­
nia. Thorndike and Ferguson6 and Kiese- 
wetter3 found that 75% of incarcerated 
inguinal hernias responded to conservative 
therapy initially. Conservative attempts at 
reduction of an incarcerated hernia should 
be continued for one to three hours only 
and, if unsuccessful, operative interven­
tion is indicated. If bowel obstruction has 
been present for six to eight hours or more, 
non-operative reduction is probably contra­
indicated.
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T ABLE IV.— C o n te n ts  Of I n c a r c e r a t e d  H e r n ia l  
Sac a t  O per atio n
Ntimber of 
patients
Small bowel................................................  45Large bowel (and appendix).................... 13Omentum....................................................  10Tube and ovary.........................................  10
If emergency operative treatment is 
necessary, the general condition of the child must be assessed, particularly with 
regard to fluid and electrolytes, and any 
gross deficits corrected preoperatively if possible. The content of the incarcerated 
hernia in males, as shown in Table IV, was 
usually small bowel; the appendix and 
cecum were found not uncommonly. Al­
though in infants the omentum is usually 
too short to enter the inguinal hernia, it 
did so in 10 patients in this series, half 
of whom were under one year of age. The 
hernial content in female infants was pre­dominantly made up of the tube and 
ovary, and frequently presented as a slid­
ing hernia.
The operative procedure for the treat­ment of an incarcerated inguinal hernia is 
simple herniotomy with ligation of the 
hernial sac at the internal ring. The hernial content should not be allowed to escape 
into the general peritoneal cavity before the 
degree of strangulation present is assessed. 
Several factors are important in this re­
gard. The colour of the fluid in the sac is 
noted: a serous pink fluid suggests venous 
obstruction, while a red or dark-red fluid 
indicates more advanced strangulation with 
embarrassment of arterial flow. Blood­
stained fluid was present in three hernial 
sacs in this series, each of which showed 
strangulation of the hernial content. Cyan­osis, edema, ecchymosis of bowel and mes­
entery, and immobility of the bowel indi­
cate strangulation. Return to normal colour 
is a welcome sign and warm sponges may 
accelerate this process. The presence or 
return of pulsations of superficial arteries and the return of peristaltic activity or contractions on mechanical stimulation are 
favourable signs.Of the 77 patients requiring emergency 
operation in this series, 21 showed signs of strangulation of bowel, omentum or ovary, and three resections were required. In the
first of these, a gangrenous appendix was 
removed while the discoloured but viable terminal ileum and cecum were replaced. In the second child, a Richter’s hernia of non-viable small bowel was oversewn. In 
the third patient, a seven-year-old child, a portion of gangrenous omentum was re­sected. Clatworthy and Thompson,1 operat­
ing on 69 of 134 patients presenting with 
incarceration, found that 35 had “indisput­
able evidence of strangulation”, but found 
intestinal resection necessary in only one.
T esticular A trophy
Forty-seven of 165 patients with incar­
cerated hernia at The Hospital for Sick 
Children showed alteration of either the
TABLE V.—F r e q u e n c y  of T e s t ic u l a r  A t r o p h y
Number of Number of 
incarcera- atrophic 
tions testes
The Hospital forSick Children, Toronto. . . 165 4Clatworthy and Thompson1. 134 5DeBoer2......................................  309 5
cord or testis at the time of repair. Forty- 
two patients showed edema of the cord with no gross changes in the testis. Four patients had discoloured black testes, none 
of which were resected. No follow-up study 
is available on these patients. Clatworthy 
and Thompson,1 in a series of 134 incarcer­
ated hernias, performed decompression cap- 
sulotomies on two black testes, biopsies of 
which showed complete necrosis. Both of 
these, along with three others in their 
series, subsequently became atrophic. De­
Boer^ in a series of 309 incarcerated in­
guinal hernias, discovered five black testes, 
one of which was removed because of gan­
grene, and the remaining four subsequently 
became atrophic (Table V). The possibil­
ity that the black testis is the result of a primary testicular torsion must be consid­
ered, but can be dismissed if an incarcer­
ated inguinal hernia is evident at operation.
R ecurrence
Recurrence is a rare complication of in­guinal hernia in infants and children. How­ever, the rate increases significantly when the primary herniotomy is performed as an
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emergency operation for an incarcerated 
hernia. Recurrence is also greater in the 
correction of a sliding hernia, probably be­
cause of the technical factors associated 
with this operation.
Of the 2566 infants and children in this 
series, only 11 (less than % % ) developed 
a recurrent hernia. All of the recurrences 
were in males; all were indirect and repre­
sented a failure of complete extirpation of 
the hernial sac. Two of these patients had 
incarcerated hernias at the time of the pri­
mary herniotomy; this represents a 3% 
recurrence rate for operations on incarcer­
ated hernias. One patient had a postopera­
tive wound infection after the primary 
operation, and another had chronic bron­
chitis. DeBoer- had seven recurrences in 
2110 operations; three of these were in fe­
males, two of whom had sliding hernias. 
One recurrence was associated with incar­
ceration. Clatworthy and Thompson’ had a 
6% recurrence rate when the primary op­
eration was for an incarcerated inguinal 
hernia. Simple herniotomy, as in the treat­
ment of uncomplicated inguinal hernia, is 
the operation of choice for a recurrent in­
guinal hernia in infants and children.
M o r ta lity
There was one postoperative death in 
this series; it occurred in a two-week-old 
infant who had a 14-hour history of ab­
dominal distension and vomiting. This pa­
tient was treated by means of nasogastric 
suction and the intravenous administration 
of fluids and blood for a 2 1/2-hour period 
before operation. At operation, discoloured 
but viable small bowel was found in the 
hernial sac. The patient died the following 
day from bilateral pneumonitis.
required a resection of bowel or omentum. 
There were discoloured testes in four pa­
tients, and there was one postoperative 
death.
There have been 11 recurrences to date; 
in two of these, the hernias were incarcer­
ated at the initial operation.
C onclusio ns
The peak incidence of incarceration of 
inguinal hernia is in the first six months 
of life. Over half of the infants and chil­
dren presenting with an incarcerated in­
guinal hernia had a previous history of a 
reducible inguinal hernia. Almost half of 
the children presenting with incarceration 
required an emergency operation. The in­
cidence of recurrent hernia after an emer­
gency operation for an incarcerated in­
guinal hernia was much greater than the 
incidence of recurrence following an elec­
tive repair. Early operation on an infantile 
inguinal hernia is the treatment of choice.
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Su m m a r y
During the five-year period, 1955 to 1959 
inclusive, 2566 infants and children with 
inguinal hernias were operated upon at 
The Hospital for Sick Children, Toronto. 
In this group, there were 165 patients with 
incarcerated hernias, 76 of whom were 
under six months of age and 89 of whom 
had a previous history of a reducible in­
guinal hernia. Seventy-seven patients re­
quired emergency operation, and three
R esu m e
Le present article est une etude statistique por- 
tant sur 2.566 enfants traites au “Hospital for Sick 
Children” de Toronto pour hemie inguinale 
etranglee. L ’opinion generalement admise jusqu’a 
present est de retarder l’operation autant que 
possible et de la reserver aux cas urgents. D’autre 
part il subsiste dans le language medical certaines 
imprecisions quant a la definition exacte des 
termes “irreductibilite” et “etranglement”. L’irre- 
ductibilite est l’impossibilite clinique de faire ren- 
trer a l’interieur de l’abdomen une masse herniaire. 
L ’etranglement est l’arret du transit intestinal au 
niveau d’une anse hemiee; de telle sorte, une
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hernie etranglee est toujours irreductible. L ’etude 
de la litterature et l’experience personnelle des 
auteurs montrent que la frequence de letrangle- 
ment dans les hemies de l’enfant est extremement 
elevee. C’est la raison pour laquelle on doit traiter 
serieusement tout cas de ce genre. Le traitement 
conservateur consistera a essayer une reduction 
spontanee utilisant l’emploi de sedatifs, une posi­
tion elevee du pied du lit, des vessies de glace 
sur la region inguinoscrotale. Ces tentatives ne 
doivent pas etre prolongees plus de deux ou trois 
heures. Si elles se revelent insuffisantes, il ne faut
pas hesiter a intervenir. La tactique operatoire 
consistera essentiellement en l’ouverture du sac 
herniaire avec verification du contenu et reinte­
gration. Lorsqu’il y a gangrene de l’intestin, il 
faut resequer en territoire sain. La mortalite post- 
operatoire est tres faible. Les recidives sont rares 
et peuvent 6tre reoperees ulterieurement. Une 
complication particuliere a signaler ici est l’ischemie 
du cordon avec possibility de troubles circula- 
toires au niveau du testicule: ceci a ete observe 
dans 47 cas, pour lesquels on ne possede pas de 
renseignements plus detailles.
CHIRURGIE DE L ’UTERUS. Jacques Huguier et
Georges Cerbonnet. 344 pp. Must. Masson &
Cie, Paris, 1961. 64 NF. $12.80 (approx.).
Ce livre fait partie de la collection des mono- 
graphies chirurgicales Henri Mondor, et c ’est 
ce regrette Professeur qui en a signe la pre­
face.
L ’ouvrage a une saveur de verite qui 
manque a beaucoup d’autres. Plutot qu’un 
souci encyclopedique, il reflete l’experience de 
la pratique personnelle et de la collaboration 
hospitaliere des auteurs qui ont voulu en ex- 
clure les affections et operations dont ils juge- 
aient n’avoir pas une experience suffisante.
Une premiere partie, soit environ le tiers du 
volume, est consacree a l’etude des indications 
chirurgicales au cours des principales maladies 
de 1’uterus que nous grouperons librement de 
la fagon suivante: 1. Fibromyomes, uterus fi- 
bromateux, uterus hemorragiques. 2. Lesions 
invasives et non invasives du col uterin. 3. 
Tumeurs malignes du corps uterin. 4. Vices de 
positions et autres affections uterines. 5. 
Avortements.
L’etude des differentes solutions therapeu- 
tiques a envisager y est faite consciencieuse- 
ment et on n’arrive a un choix que pour des 
raisons precises et bien fondees. Rien n’est re- 
jete sans motif valable.
C’est, sans doute, cette partie de l’ouvrage 
qui interessera davantage le lecteur muri en 
cette matiere. N’est-ce pas surtout dans la 
determination des buts a atteindre que reside 
la veritable science chirurgicale? On peut ima- 
giner qu’un jour le poids des annees d’expe- 
rience fixeront nettement ces objectifs; ils 
seront alors universellement admis et acceptes, 
comme Test aujourd’hui l’indication de l’appen- 
dicectomie dans l’appendicite aigue.
Mais cette uniformite de vue ne sera jamais 
atteinte dans le choix des techniques. Les 
techniques sont essentiellement fluctuantes et 
personnelles, evolutives et fantaisistes: elles 
constituent l’art chirurgical.
C’est a cet art, aux techniques chirurgicales, 
que sont consacres les deux derniers tiers du
livre. Apres avoir considere, dans un premier 
chapitre, les generalites, i.e. preparation de la 
malade, materiel, positions, voies d’abord, etc., 
les auteurs traitent longuement, dans le cha­
pitre suivant, des techniques de l’hyste- 
rectomie non elargie, en envisageant les pro- 
blemes et ecueils multiples que 1’on peut 
rencontrer et la faqon de s’en tirer.
Les deux chapitres suivants, plutot courts, 
envisagent les amputations du col, puis les 
interventions uterines non mutilantes: myo­
mectomies, hysterotomies, hysteropexies et 
curettages.
Les hysterectomies elargies constituent le 
sujet d’un dernier chapitre ties substantiel. On 
y decrit les techniques employees dans trois 
varietes d ’elargissements: “hysterectomie avec 
cellulectomie pelvienne totale” , “ lymphadeno- 
colpo-hysterectomie elargie” , et “ lymphadeno- 
colpo-hysterectomie a minima” .
Un bon index alphabetique permet de se 
reporter rapidement au texte. L ’iconographie 
est de qualite et generalement suffisante.
En resume, un excellent livre, bien pre­
sente, bien ecrit, bien illustre, sans fatras 
bibliographique, refletant une science et une 
technique eprouvees. Un livre digne d ’Henri 
Mondor, dont il se reclame.
CLEFT PALATE AND SPEECH. 5th ed. Muriel 
E. Morley. 279 pp. Must. E. & S. Livingstone 
Ltd., Edinburgh and London; The Macmillan 
Company of Canada Limited, Toronto, 1962. 
$4.95.
This edition has resulted from the increasingly 
successful surgical results, the increasing in­
terest of the orthodontist, the improvement o f 
materials for obturators, and the team-work of 
surgeon, orthodontist and speech therapist.
As in former editions an attempt is made 
to cover all aspects of the treatment of the 
cleft-palate patient.
This is a valuable and informative book 
and will prove useful to those having an in­
terest in the care of such patients.
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CASE REPOPvTS
C O N G E N IT A L  C Y STIC  D IL A T A T IO N  O F  T H E  C O M M O N  BILE 
D U C T : R E PO R T O F  T W O  C A SE S0
D. G. MARSHALL, M.D., F.R.C.S.fC] and A. D. McLACHLIN. M.D., M.Sc., 
D.Phil.(Oxon), M .S.(Tor.), F.R.C.S.(Eng.), F.R.C.S.[C], F.A.C.S.’ London, Ont.
W ith  but 403 cases in the total w orld lit­
erature and the diagnosis considered before 
operation in only 3 0 %  o f  even recent 
cases, m ost surgeons w ill encounter con ­
genital cystic dilatation o f  the com m on 
b ile  duct not only w ithout personal ex­
perience but w ithout w arning.1 The au­
thors’ tw o cases w ere seen in one month 
in 1960.
Case 1.— A  13-month-old girl had shown 
increasing abdominal distension for three or 
four months but came to medical attention 
only after persistent vomiting for 36 hours. 
On examination, a large mass filled the right 
upper quadrant and extended to the left of 
the midline and below the umbilicus. She was 
well nourished and not jaundiced. The intra­
venous pyelogram revealed a normal kidney in 
normal position. (Fig. 1)
On November 11, 1960, laparotomy was 
carried out with a presumptive diagnosis of 
neuroblastoma and liver secondaries; it dis­
closed a huge cystic mass just below the liver. 
The duodenum was displaced to the midline 
and stretched over the lower portion of the 
cyst. The gallbladder, while tense, was separate 
from the cyst and was of average size. An 
attempt at dissection of the cyst soon proved 
futile. Aspiration yielded 1100 c.c. of bile and 
established the diagnosis of congenital cystic 
dilatation of the common bile duct. An ana­
stomosis about 1" in length was made between 
the cyst and the adjacent second portion of 
the duodenum.
A biopsy of the cyst wall at the edge of 
the anastomosis showed an inner lining of 
inflamed granulation tissue, without evidence 
of mucous membrane, and an outer wall of 
fibrous tissue 2 to 3 mm. thick.
The patient had fever as high as 103.6° F. 
for the first week. The temperature then re­
turned to normal and recovery was unevent-
° From the Department of Surgery, University of 
Western Ontario Medical School, London, Ont. 
Presented at the Annual Meeting of the Royal 
College of Physicians and Surgeons of Canada, 
Toronto, January 1962.
ful. At review 17 months later, she had been 
well, was free from jaundice, and was 
passing stools o f normal colour. Barium swal­
low with cineradiography showed a free pas­
sage in both directions between the duodenum 
and the common bile duct. The common bile 
duct had been greatly reduced in size (Fig. 2).
Case 2.— A 10-year-old boy had suffered 
from bouts of upper abdominal pain and vom­
iting since the age of 18 months. Peanut butter 
and fried foods had seemed to precipitate 
the attacks. There had been no visible jaun­
dice although light-coloured stools had been 
noted after some of the attacks. There was no 
palpable mass and his serum bilirubin levels 
were normal. Radiographs of the gallbladder 
with orally administered dye suggested dilata­
tion of the common bile duct. This was read­
ily verified after intravenous Cholografin 
studies (Fig. 3).
At operation on December 10, 1960, the 
findings were similar to those in Case 1, ex­
cept that the cyst was considerably smaller. 
The same displacement of the duodenum and 
the same small normal-appearing gallbladder 
were present. A % " long choledochoduoden- 
ostomy was performed at the junction of the 
cyst and second portion of the duodenum. 
The cyst was thin-walled and to visual exam­
ination had a mucosal lining.
The postoperative course was uneventful; 
the patient has had no abdominal or other 
complaints in the 16 months since operation. 
Barium studies with cineradiography one year 
after operation showed free reflux of barium 
from the duodenum into the biliary system 
when the boy was tilted from the upright into 
the horizontal position. Some of the barium 
remained in the fine biliary radicals when the 
tilt was reversed but there seemed to be no 
obstruction at the anastomosis. The common 
bile duct was significantly smaller than before 
operation (Fig. 4).
D iscussion
The etio logy  o f  congenital cystic dilata­
tion o f the com m on bile duct is obscure. 
Some com bination o f  inherent weakness in
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Fig. 1.—Case 1. A large congenital cystic dilatation of the common bile duct in a 13-month- 
old girl is shown as a diffuse shadow in the right side of the abdomen. The intestines are displaced 
downward and to the left.
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Fig. 2 .—Case 1. Rarium studies 17 months after operation show a free 
anastomosis between the duodenum and common bile duct. The common bile 
duct is represented by the two globular shadows above and to the right of the 
pyloric end of the stomach and duodenum. It has become markedly smaller in 
comparison with its size at time of operation.
the duct wall and obstruction at the lower 
end of the duct is a simple explanation. 
An excessive proliferation of cells during 
the solid stage of development of the com­
mon bile duct and resultant excessive di­
ameter upon vacuolization of these cells 
has been suggested as a cause. A second­
ary obstructive factor such as kinking of 
the duct or the presence of a mucosal fold 
may accentuate the dilatation.
The complete triad of a palpable mass, 
right upper quadrant pain and jaundice 
has occurred in only about 25% of the re­
viewed cases. The lesion is four times more 
common in females than in males and is 
seldom seen before the age of six months.3
The first essential in treatment is ac­
curate diagnosis. Improved radiological 
visualization of the biliary system will in­
crease the number of preoperative diag­
noses but in many cases the diagnosis will 
only be made at the time of operation. 
Preferably this will be before dissection
has gone so far that removal of the cyst is 
the only way out.
The diagnosis should be considered if a 
cyst separate from the liver is found in 
the right upper quadrant. A gallbladder of 
average size will arise from the cyst wall. 
The duodenum and colon are displaced 
downward and to the left and the duoden­
um courses over the lower part of the cyst. 
With appreciation of the possibility that 
this may be a cystic dilatation of the com­
mon bile duct, aspiration of bile will con­
firm the diagnosis without need of dis­
section.
The simplest operative procedure and the 
one with the lowest mortality is choledo- 
choduodenostomy. The second portion of 
the duodenum is in close proximity to the 
cyst. After emptying of the cyst, the ana­
stomosis can be carried out without ten­
sion and is so stabilized by the intimate 
relation of the cyst to the duodenum that
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Fig. 3.—Case 2. After the use of intravenous Cholografin, the outline of the gallbladder 
and a congenital cystic dilatation of the common bile duct is seen in a 10-year-old boy. The hazy 
outline is difficult to reproduce and has been emphasized by a marking pencil.
obstruction from kinking or any form of 
rotation is most unlikely. There is obvious 
reflux in both our cases but as yet no evi­
dence of cholangitis. It is probable that 
stricture at the anastomosis with obstruc­
tion and not reflux produces this complica­
tion. Choledochoduodenostomy seems the 
wisest procedure if the diagnosis is made 
at operation by a surgeon with no previous 
experience of dealing with the condition, 
and may indeed be best in all instances.3 
The more extensive choledochojejunostomy 
using the Roux en-Y principle2, 5 and the 
technically difficult and dangerous removal 
of the cyst with anastomosis of the remain­
ing biliary tree to a Roux en-Y loop of 
jejunum or to the duodenum1, 4 might be
reserved for cases in which an initial chole­
dochoduodenostomy had not proved satis­
factory.
Su m m a r y
Two case reports of congenital cystic 
dilatation of the common bile duct have 
been presented. One was diagnosed at 
time of operation and the other by preop­
erative radiographic studies of the biliary 
system. To date, the simple procedure of 
choledochoduodenostomy has given an ex­
cellent result in both cases.
The authors wish to thank Drs. George W . 
Kruger and William S. Sedgwick of Woodstock 
who made the diagnosis in Case 2.
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Fig. 4.—Case 2. Barium studies 12 months after operation show reflux into 
the biliary radicals. There was an open anastomosis between the duodenum and 
common bile duct. There has been nothing to suggest cholangitis in the 16 months 
since operation.
Fig. 5.—(Left) A diagrammatic representation of 
an anastomosis between a congenital cystic dila­
tation of the common bile duct and the second 
part of the duodenum.
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R esume
Les auteurs presentent ici deux cas; Tun chez 
une petite fille de 13 mois et l’autre chez un 
gargon de 10 ans. Tous deux etaient porteurs 
d’une dilatation anormale et congenitale du canal 
eholedoque prenant une forme kystique; la taille 
peut en etre considerable puisque chez la petite 
fille, ce kyste contenait 1.100 ml. de bile. Ces cas 
guerirent bien apres une intervention au cours de 
laquelle on etablit une choledoco-duodenostomie. 
L ’etiologie de la malformation reste obscure. 
Parmi les symptomes il faut signaler: la presence
d une masse palpable dans le quadrant superieur 
droit de l’abdomen, la douleur et les crises de 
jaunisse. Le diagnostic differentiel clinique est 
loin d’etre toujours facile, mais les radiographies 
et tout specialement la visualisation de l’arbre 
biliaire par un moyen de contraste peut grande- 
ment y aider. Ces kystes sont le plus souvent 
separes de la vesicule et du foie. Du fait de leur 
taille, l’excision est cependant dangereuse et c ’est 
la raison pour laquelle les auteurs recommandent 
une simple anastomose entre la paroi kystique et 
l’ intestin grele, soit une choledoco-duodenostomie.
SOLITARY NEURILEM OM A OF THE LARYNX”
D. P. BRYCE, M.D., F.R.C.S.[C] and B. A. NICHKA, M.D., Toronto
A m ong  the benign laryngeal tumours, 
neurilemoma occurs with exceeding rarity. 
Since the first report o f a case by Suchan- 
ek,2 in 1925, only 47 such tumours have 
been reported in the literature.
C ase R eport
J.L., a 54-year-old man, was admitted to 
the Toronto General Hospital, on July 28, 
1961, complaining of intermittent dysphagia 
and choking which had been present for about 
10 years to a slight degree and more definitely 
in the past few months.
On examination of the larynx, a smooth 
pinkish tumour could be seen filling the post­
cricoid area and extending slightly to the left, 
making the left arytenoid quite prominent. 
The laryngeal mucosa was normal and the 
vocal cords moved well. It was thought at the 
time that this tumour probably represented 
the superior edge of a malignancy in the post­
cricoid region.
Under anesthesia on the same day, the 
tumour was more closely examined and was 
found to lie, as described, in the postcricoid 
area with a broad base attached to the poster­
ior surface of the arytenoid and cricoid carti­
lage. It was about 3 cm. in diameter, very firm 
and covered with normal mucosa. Using biting 
forceps, the mucosa was removed from over 
part of the tumour and a deep biopsy obtained 
which was reported as neurilemoma by the 
pathologist.
“ Department of Otolaryngology, University of 
Toronto, Toronto.
The classic histological features of neuri­
lemoma are seen in a representative section 
(Fig. 1). These include nuclear palisading, 
and a tendency for development within 
the tumour of areas of degeneration accom­
panied by intercellular edema and eventual 
cyst formation.
It was felt at that time that the symptoms 
were inadequate to justify an extensive surgi­
cal procedure which would be necessary to 
remove such a tumour. Also the very benign 
nature of the lesion did not justify a radical 
attack. However, shortly after the patient was 
discharged he suffered increasing dysphagia 
and on one occasion had a severe bout of 
choking. On examination following this epi­
sode, the tumour was seen to have increased 
markedly in size and it was decided to re­
admit the patient to hospital for excision.
On November 1, therefore, under general 
anesthesia, an incision was made along the 
anterior border of the right sternomastoid 
muscle, and the pharynx and pyriform sinus 
entered by means of a usual approach for 
lateral pharyngotomy. The larynx could then 
be rotated anteriorly and the postcricoid area 
clearly seen. The tumour and its overlying 
mucosa were removed by a combination of 
blunt and sharp dissection and every effort 
was made to remove a part of the surrounding 
tissue in order to prevent recurrence if pos­
sible. The operated area was then loosely 
sutured with catgut and as much mucosa as 
could be found was used to cover the defect.
The tumour was reached through a lateral 
pharyngotomy approach which allowed excel­
lent exposure as demonstrated in Fig. 2.
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Fig. 1.—The classic histological features of neurilemoma can be seen in this
section.
Dissection was not difficult and overlying mu­
cosa was removed with the tumour.
Postoperatively, a tracheotomy was per­
formed and a feeding tube inserted. These 
precautions were not necessary; the tube was 
removed two days later and the patient began 
to swallow soft foods on the third day. 
Throughout the postoperative course his con­
dition remained good, swallowing was easy, 
and he was discharged on the fifth postopera­
tive day.
C o m m e n t
There is still some controversy as to the 
origin of the fibrous tumours of nerves, 
hence such terms as neurinoma, neuro­
fibroma, schwannoma and neurilemoma 
appear in the literature.
The perineurium and epineurium are of 
mesodermal origin and give rise to neuro­
fibromas. Neurilemomas develop from the 
cells of Schwann in the nerve sheath which 
are ectodermal in origin. Stout1 is a firm 
advocate of this theory of origin. These 
tumours, which arise from Schwann cells 
of the neurilemomal sheath of nerves any­
where in the body, can occur at any age 
but are more common in adults than in
children. More than a quarter of the tu­
mours seen are in the head and neck, 
chiefly on the intracranial portion of the 
eighth cranial nerve, and in the descend­
ing cranial nerves and sympathetic trunks 
in the neck. In the head and neck, tumours 
have been reported in the scalp, face, orbit, 
nose, sinuses, postnasal space, tongue, pal­
ate, pharynx and larynx.10
Clinically they show all the characterist­
ics of benign tumours and are usually sol­
itary, oval, firm, with a smooth glistening 
pinkish surface and are well encapsulated. 
They are painless and the symptom com­
plex produced by them depends, as might 
be expected, on the size and location of 
the mass. They have no tendency to under­
go malignant change, though they may re­
cur if not completely removed. Pearlman 
et al.7 reported one case that recurred, and 
another that histologically showed local 
malignant change. This was diagnosed as 
neurofibrosarcoma and was not included 
in the total series.
Symptoms are usually vague and may 
persist from months to years before a diag­
nosis is made. The delay' occurs because
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Fig. 2.—An operative photograph shows the tumour exposed through a lateral pharyngeal 
approach. The arytenoids are seen (A) and the tumour (T). The scar of the previous biopsy can 
be seen (B) and the glottic chink extending distally between the arytenoids.
the patient does not regard the symptoms 
as serious enough to warrant consultation 
until persistent hoarseness, dysphagia or 
laryngeal stridor become manifest. The 
most frequent symptom is persistent hoarse­
ness followed by varying degrees of dys­
phagia or a sense of “something in the 
throat”. The patient presented in this paper 
had symptoms for 10 years or more of 
sticking of leafy foods in his throat and 
occasional bouts of choking while eating.
Goethals and Lillie11 in their excellent 
review of 34 cases recorded the common 
sites of these tumours and found most of 
them confined to the aryepiglottic folds, 
the ventricular bands and true vocal cords 
in that order. They presented the only 
reported case of tumour involving the epi­
glottis.
Women were alfected more often than 
men in slightly more than a 3:2 ratio and 
the ages of the patients at the time of diag­
nosis ranged from five years8 to 75 years.fi 
The size of these tumours varied from 3 x 
8 mm.4 to a mass 7 cm. in diameter9 requir­
ing laryngectomy.
Mirror examination usually reveals a pink­
ish to grey glistening tumour involving the 
structures mentioned and biopsy may be 
difficult because of the firmness of the 
mass. It is often difficult at the time to 
assess the function of the cords because 
the large tumour interferes with visualiza­
tion of cord movement. Reports of cases 
of persistent postoperative paralysis made 
no mention of the state of the cords pre- 
operatively. Walker5 is of the opinion that 
this may well be due to persisting preoper­
ative damage rather than a result of surgi­
cal intervention. Neurilemomas in the 
larynx are remote from the recurrent 
laryngeal nerves, and paralysis due to surg­
ical trauma should not occur whether an 
external or a transoral approach is used. 
Vail,3 however, advocates the transoral 
approach because of this possibility.
Treatment of this tumour has always 
been surgical because these lesions are in­
sensitive to radiotherapy. It is necessary to 
remove the tumour completely in order to 
prevent recurrence and in the literature 
recurrence has been very rare. Suspension
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laryngoscopy, laryngofissure and lateral 
pharyngotomy are reported as the methods 
of approach to the surgical excision. Tem­
porary tracheotomy may or may not be 
necessary depending on the site of the 
lesion.
Su m m a r y
A case of laryngeal neurilemoma has 
been presented in this report. The lesion, 
discovered during the investigation of a 
complaint of dysphagia, was exposed and 
surgically removed through a lateral pha­
ryngeal approach. The postoperative course 
was uneventful and no recurrence of tu­
mour has resulted, nor has there been loss 
of any significant laryngeal function.
The controversial origin of these tumours 
and their pathology has been described. 
The common clinical symptoms and 
methods of treatment have been reviewed.
The authors appreciate the advice and assist­
ance of Dr. William Anderson, Department of 
Pathology, Toronto General Hospital, especially in 
supplying and commenting on the pathological 
section used for Fig. 1.
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Resume
Histoire d’un cas.— Un homme de 54 ans est 
admis au “Toronto General Hospital” en juillet 
1961, se plaignant de dysphagie intermittente. La 
laryngoscopie permet de voir une tumeur molle 
et rosee situee dans la zone retrocricoide et 
s’etendant legerement a gauche. La muqueuse 
laryngee est de couleur et d’aspect normaux, les 
cordes vocales bien mobiles. Sous anesthesie, on 
pratique une biopsie qui amene le diagnostic 
histo-pathologique de neurilemome. Dans un 
deuxieme temps (en novembre) on proceda a 
une excision radicale, conduite par voie de 
pharyngotomie laterale droite; la dissection de la 
tumeur n’offrit aucune difficult^. Les suites post- 
operatoires furent excellentes et le malade put 
etre renvoye a domicile au cinquieme jour. L’ori- 
gine de ces tumeurs est toujours discutee, c’est 
pourquoi on trouve dans la litterature plusieurs 
mots pour les designer: neurinome, neurofibrome, 
neurilemome, schwannome, etc. Definitivement, 
ces tumeurs naissent a partir des cellules de la 
gaine de Schwann, d’origine ectodermique. Quoi- 
que des cas de malignite aient ete rapportes, ces 
tumeurs sont generalement benignes.
MANUSCRIPTS IN DUPLICATE
The attention of prospective contributors to the Canadian Journal of 
Surgery is drawn to a recent change in the section “Instructions to Contributors” 
which requires that, henceforth, all manuscripts should be submitted to the 
Journal in duplicate.
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BENIGN HEMANGIOMA OF TIBIA WITH RADIOGBAPHIC 
FEATURES OF MALIGNANCY
G. DRIEDGER, M.D., F.R.C.S.[C]* and A. R. BAINBOROUGH, M.D., M.Sc.,
Lethbridge, Alta.
T h is  brief case report will add  the voice 
of the authors to those of many others who 
have em phasized the need for biopsy of 
bone lesions before amputation, regard­
less of how m alignant these lesions m ay 
appear on radiological examination. L ich ­
tenstein1 in particular has stressed this point 
repeatedly.
C a se  R eport
A 39-year-old housewife, the mother of four 
children, consulted her physician because of 
pain in the right leg, especially in the upper 
lateral aspect. She had been seen two and six 
years previously because of rheumatic fever. 
On examination, the patient had a diastolic 
murmur loudest over the aortic area which, 
along with enlargement of the left ventricle, 
suggested mitral valve incompetence.
The upper right tibia was tender and the 
lateral condyle was appreciably enlarged. The 
overlying skin was shiny and somewhat 
edematous. A radiograph of the right knee 
revealed bony sclerosis of the lateral tibial 
condyle and new bone formation along its 
margin (Fig. 1). These features were con­
sidered compatible with the diagnosis of osteo­
genic sarcoma.
With the patient under general anesthesia, 
a biopsy of the lesion was taken through an 
anterolateral curved linear incision over the 
proximal end of the tibia. After detaching the 
anterior tibial muscle from its origin, the sur­
face of the lateral tibial condyle was examined 
and found to be rough and more white than 
normal bone over an area of about 2 x 0.5 
cm. The biopsy incorporated the full thick­
ness of cortex of this area. Later a swab taken 
from this site failed to yield any bacteria in 
various culture media under aerobic and an­
aerobic conditions. The anterior tibial muscle 
was reattached to its origin. The wound was 
closed and a pressure dressing applied. Three 
days later, the patient was allowed to get up 
and was walking.
The decalcified bone was examined micro­
scopically. Centrally, the lesion proved to be 
a cavernous hemangioma with fairly large, 
closely situated, thin-walled, blood-filled, en-
#Haig Clinic, Lethbridge, Alta.
Fig. 1.—Radiograph of right knee reveals bony 
sclerosis of the lateral tibial condyle and new bone 
formation along its margin.
dothelial-lined vascular channels filling the 
spaces between the somewhat thinned-out 
bony trabeculae (Fig. 2). Some blood pig­
ment which had stimulated a fibrous tissue 
reaction lay in the interstices. Peripherally, 
the trabeculae and periosteum were thickened, 
imparting increased density to the radiograph.
D iscu ssio n
The following points are m ade by  Ja ffe2 
in his discussion o f hemangioma of skeletal 
sites, other than the vertebrae and calvar­
ium: (1 )  The lesion is rare and there is 
no predilection for any particular bone or 
for any particular age group. (2 )  In  m ost 
cases, it is associated with a hem angiom a 
in the soft tissue overlying the lesion in 
bone. (3) A “ sunburst” radiographic a p ­
pearance is not uncommon in such lesions. 
(4 )  The diagnosis is usually m ade on ex-
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Fig. 2.—Photomicrograph of decalcified bone shows fairly large, closely situated, thin-walled, 
blood-filled, endothelial vascular channels filling the spaces between the somewhat thinned-out bony 
trabeculae.
animation of the tissue. (5 ) The treatment 
of choice, after firm diagnosis, is x-ray ther­
apy, if the lesion has not been completely 
excised.
The skeletal hemangiomata of the capil­
lary type are even less common than those 
of the cavernous type.3 Of those of the 
former type reviewed by Lidholm, Lind- 
bom and Spjut3 in which a follow-up exam­
ination was made, all patients were appar­
ently cured by curettage or local resection, 
with or without supplemental x-ray ther­
apy. In both types, the lesion behaves 
benignly, while in both, the radiological 
features may suggest a malignant process. 
Hence, biopsy for diagnosis is imperative 
whether or not further surgical procedures 
are anticipated.
Su m m a r y
This case of a benign cavernous heman­
gioma of tibia with radiological features 
of malignancy re-emphasizes the need for
pathological examination of a biopsy before 
definitive therapy is instituted.
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R esu m e
Histoire d un cas.— Une femme de 39 ans souffre 
depuis quelque temps d’une douleur dans la jambe 
droite. A l’examen, la partie superieure du tibia 
est augmentee de volume specialement au niveau 
du condyle lateral. La peau de la region est 
legerement oedemateuse. Sous anesthesie generate, 
on pratique une biopsie. L’examen bacteriologique 
est strictement negatif. L’examen histologique fait 
conclure a l’existence d’un hemangiome caver- 
neux. Le traitement de choix est soit le curet­
tage complet de la lesion soit la radiotherapie par 
rayons X.
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E X P E R I M E N T A L  S U R G E R Y
EXPERIMENTAL PRODUCTION IN THE RABBIT OF COXA PLANA: 
A LESION RESEMBLING LEGG-CALVE-PERTHES DISEASE IN MAN®
R. K. GREENLAW, M.D., DAVID S. KAHN, M.D. and J. GORDON PETRIE, M.D.,
Montreal
Although the clinical and roentgenological 
features of Legg-Calve-Perthes disease in 
man are well known,5 the exact etiology 
and pathogenesis are not as yet well under­
stood. A number of investigators have suc­
ceeded in producing a lesion in animals 
that resembles the lesion of man both clin­
ically and roentgenographically.2’ 8-10 In 
these experiments although the technique 
has been, primarily, interruption of the 
major arterial supply to the femoral head, 
in addition, in most instances, the capsule 
of the joint was either opened or was trau­
matized in some fashion. Thus, it is pos­
sible that tire trauma to the capsule was of 
some etiological importance in the produc­
tion of the resultant changes in the femor­
al head.
The present experiment has been an at­
tempt to clarify the part played by each 
of these factors. Two separate techniques 
were used: (1 ) extracapsular ligation of 
the medial circumflex femoral artery with­
out damage to the capsule, and (2) open­
ing of the capsule and severance of the 
ligamentum teres femoris without direct 
trauma to the main arterial supply to the 
femoral head. A description of changes in 
the femoral head resulting from the use 
of these two techniques is reported.
M aterial and M ethods
Male rabbits ranging in age from three 
and one-half to four weeks at the time of 
operation were used throughout the studies. 
The animals were fed Purina cubes and
“ From the Departments of Experimental Surgery 
and Pathology, McGill University; Department of 
Pathology, St. Mary’s Memorial Hospital, and 
Departments of Surgery (Orthopedics), Royal 
Victoria Hospital and Shriners’ Hospital, Montreal. 
Read in part at the Clinical Congress of the 
American College of Surgeons, San Francisco, 
California, October 1960.
water ad lib. General anesthesia was ad­
ministered by open drop ether, together 
with intraperitoneal injections of pento­
barbital (Nembutal).
Technique
(a) Medial circumflex femoral artery 
ligation and division.—Through a vertical 
incision in the anteromedial aspect of the 
thigh, the right femoral artery was exposed. 
The adductor muscles were split in the 
direction of their fibres and the profunda 
femoris artery was identified. Then, the 
main stem of the medial circumflex femor­
al artery was ligated and sectioned near 
its entrance into the capsule. An identical 
procedure was carried out on the left hip, 
except that the artery was not ligated or 
sectioned.
(b )  Section of the ligamentum teres 
femoris.—A posterolateral incision was made 
in the right gluteal region. The glutei, 
medius and minimus, and the piriformis 
muscles were incised near their insertion 
to expose the superior aspect of the cap­
sule of the hip joint. Through a 3 or 4 mm. 
incision on the superior aspect of the cap­
sule, the ligamentum teres femoris was 
severed. As far as possible, trauma to the 
joint was avoided. The procedure was re­
peated on the left hip, except that the cap­
sule was not opened, and the ligamentum 
teres femoris was allowed to remain in­
tact.
In both groups the animals were allowed 
to walk as soon as they had recovered 
from the anesthetic agent. Animals having 
medial circumflex femoral artery interrup­
tion were sacrificed at two, three, four and 
seven weeks following the procedure; and 
those with section of the ligamentum teres 
femoris at two, four, six and eight weeks 
after the procedure. At the time of sacri­
fice, the animals were anesthetized and the 
abdominal aorta cannulated and injected
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Fig. 1.—Radiographs of femoral head (a) four weeks after ligation of medial circumflex femoral 
artery; (b) six weeks after section of the ligamentum teres femoris. Neither head is filled by the radio­
paque injection medium which was injected at the time of sacrifice.
with a radiopaque medium at a constant 
pressure.6 Both right and left hip joints of 
each animal were removed and fixed in 
Bouin’s solution. Heads and necks of right 
and left femora were examined by gross 
radiography, and histological sections were 
prepared at various levels and stained with 
hematoxylin and eosin. A portion of each 
femur was retained for microangiographi- 
cal examination.
B esults
In all of the animals, the left (control) 
hips were normal both grossly and by histo­
logical examination and so will not be 
further described. Initial gross radiographs 
taken immediately after sacrifice revealed 
epiphyseal ischemia of the right femoral 
heads in both groups of experimental ani­
mals (Fig. 1). Unfortunately, owing to an 
error in technique, the specimens were 
spoiled and the microangiographs obtained 
were unsatisfactory. It is planned, there­
fore, that this portion of the experiment 
will be repeated at a later date.
(a ) Medial Circumflex Femoral Artery 
Ligation Group
Two w eeks following procedure.—No 
clinical abnormality was observed. At 
autopsy the acetabulum appeared normal. 
The capsule was moderately thickened.
The superior surface of the femoral head 
was slightly flattened, and the articular 
cartilage duller in colour than that of the 
control. There was a slight decrease in the 
vertical diameter of the femoral head, and 
a slight increase in its anteroposterior di­
ameter.
Histological examination of the right 
femoral head confirmed the mild flattening 
of its superior surface; no other histological 
abnormality was apparent.
Three w eeks following procedure—No 
clinical abnormality was observed. Except 
for a dull grey colour and grooving of the 
anterior aspect of the articular cartilage 
of the right femoral head, no abnormality 
was observed either grossly or histological­
ly-
Four w eeks following procedure.—In the 
week before sacrifice, this rabbit had shown 
clinical evidence of a disturbance of the 
right hip. On walking, the right femur was 
abducted and slightly externally rotated. 
At sacrifice the capsule of the right hip 
joint was slightly thickened; the articular 
cartilage was dull grey in colour. There 
was definite flattening of the articular sur­
face of the femoral head, decrease in its 
vertical and increase in its mediolateral 
diameters.
In addition to the flattening of the su­
perior surface, histological examination of
Fig. 2.—Photomicrographs of (a) right (experimental) and (b) left (control) femoral 
heads four weeks after ligature of the right mediofemoral circumflex artery. There is flatten­
ing of the superior surface of the right femoral head and early degenerative changes of the 
articular cartilage (H. & E. x 15).
the right femoral head (Fig. 2) showed focal necrosis of superficial chondrocytes 
early fibrillation of the articular cartilage and eosinophilic change in the cartilagin- 
with focal areas of chondrocytic clumping, ous matrix.
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Fig. 3.—Photograph of the right (experimental) and left (control) hip joints seven weeks 
after ligation of the right mediofemoral circumflex artery. The superior surface of the right 
femoral head is flattened and its diameters altered. The right acetabulum is smaller and 
shallower and its superior border is rounded.
Seven w eeks following procedure.—This 
animal had developed a very marked limp, 
and walked with the right leg abducted 
and externally rotated. At sacrifice the cap­
sule was markedly thickened; the articular 
cartilage appeared dull grey. The right 
femoral head showed flattening of its su­
perior surface, increase in its mediolateral, 
and decrease in its vertical and anteropos­
terior diameters. The right acetabulum ap­
peared smaller and more shallow than the 
left, and its superior border was rounded. 
In contrast, the superior border of the con­
trol was sharp (Fig. 3 ).
Histological examination confirmed the 
flattening of the superior surface of the 
femoral head, and the changes in the di­
ameters (Fig. 4). The articular cartilage 
showed no abnormality. A few epiphyseal 
trabeculae showed a portion of a trabecula 
to be completely anuclear, with an irregular 
outline and one or two large osteoclasts 
adjacent to its free surface (Fig. 5). The 
remainder of the bone of the epiphysis ap­
peared normal, with normal hematopoietic 
marrow elements.
(b ) Interruption o f Ligamentum Teres 
Fem oris
Two w eeks following procedure.—This 
animal developed a slight limp on the 
twelfth postoperative day. At sacrifice there 
was marked thickening of the capsule of
the right hip and increased synovial fluid; 
the articular cartilage was dull grey. No 
change in the shape of the femoral head 
was evident.
Histological examination showed a mod­
erately acute synovitis with increased vas­
cularity and focal infiltration with poly­
morphonuclear leukocytes. There was 
slight flattening of the superior surface of 
the femoral head. The articular cartilage 
was definitely abnormal with indistinct nu­
clear staining, and marked eosinophilia of 
its ground substance. The abnormality in­
volved the full thickness of the cartilage. 
The marrow of the epiphysis showed ne­
crosis with only scattered viable cells re­
maining (Fig. 6). The vascular sinuses 
were empty and their walls necrotic. 
Focally, the bony trabeculae were anu­
clear. Osteogenesis or active resorption in 
the epiphysis was not evident. The epi­
physeal cartilage demonstrated normal car­
tilaginous maturation and osteogenesis on 
the cartilaginous lattice. However, in the 
adjacent metaphysis there was evidence of 
some prior disturbance. In this focal area 
there was a band of fibrosis of the marrow 
and absence of normal bone trabeculae. 
Only a few necrotic bone trabeculae sur­
rounded by osteoclasts remained.
Four weeks following procedure.—The 
animal had developed a noticeable limp 
and walked with the right leg abducted
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Fig. 4.—Photomicrographs of (a) right (experimental) and (b) left (control) femoral 
heads illustrated in Fig. 3. The shape of the right femoral head is distorted and its superior 
surface flattened (H. and E. x 15).
and externally rotated. At sacrifice the cap­
sule was thickened and the articular carti­
lage appeared roughened and brown in 
colour. There was marked flattening of the
superior surface of the femoral head, and 
grooving of the anteromedial aspect of the 
articular surface (Fig. 7). The mediolateral 
and anteroposterior diameters were mark-
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Fig. 5.—High-power photomicrograph of a bone trabecula of the right (experi­
mental) femoral head illustrated in Fig. 4a. The central portion of the trabecula is 
anuclear and has a large osteoclast adjacent to its surface (H. and E. x 400).
edly increased, while the vertical diameter 
was decreased. The femoral neck appeared 
shorter and thicker, and the acetabulum 
smaller and shallower than that of the con­
trol.
Histological examination showed a mod­
erate focal synovitis with a prominent in- 
timal layer and focal collections of poly­
morphonuclear leukocytes. The superior
surface of the head was flattened, and the 
adjacent articular cartilage showed super­
ficial fibrillation, chondrocytic clustering 
and an eosinophilic change of matrix. The 
bone and marrow of the epiphysis and 
metaphysis, and the epiphyseal cartilage, 
were normal.
Six weeks following procedure—This an­
imal had developed a limp of approximately
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Fig. 6.—Photomicrograph of the right (experimental) femoral head two weeks after 
interruption of ligamentum teres femoris. There is necrosis of the marrow. The bony trabe­
culae are nucleated but there is no sign of active osteogenesis. The articular cartilage shows 
marked eosinophilia of its ground substance (H. and E. x 100).
the same severity as the animal sacrificed at 
four weeks. At sacrifice the hip joint cap­
sule appeared normal; the articular carti­
lage appeared slightly more dull than nor­
mal. The femoral head showed marked 
flattening with distortion of the antero- 
superior surface and slight increase in the 
mediolateral diameter. There was marked 
anterior angulation of the femoral head on 
the neck.
Histological examination confirmed the 
distortion of the femoral head and neck; 
the head was displaced so that its lateral 
portion was rotated to a superior position, 
and was flattened (Fig. 8 ). There was no 
evidence of active synovitis. The articular 
cartilage appeared normal. The internal 
structure of the epiphysis appeared nor­
mal, except that the direction of the trabe­
culae had been altered and followed the 
new shape and position of the femoral 
head.
Eight w eeks following procedure .—Before 
sacrifice this animal developed a very 
noticeable limp with marked abduction
R U
Fig. 7.—Photograph of the right (experimental) 
and left (control) femoral heads four weeks after 
interruption of the ligamentum teres femoris. 
There is marked distortion of the right femoral 
head with flattening of its superior and anterior 
surfaces.
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Fig. 8.—Photomicrograph of (a) right (experimental) and (b) left (control) femoral 
heads six weeks after interruption of the right ligamentum teres femoris. There is marked 
alteration in the shape of the right femoral head (H. and E. x 15).
and slight flexion of the femur. At sacri­
fice the capsule of the right hip joint was 
greatly thickened; the articular cartilage 
showed marked irregularity of its surface.
The femoral head exhibited an extreme 
degree of distortion with change in the 
angulation with the neck, flattening of its 
superior surface, a marked increase in the
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mediolateral and a decrease in its vertical 
*  diameters (Fig. 9). There was an increase 
in the anteroposterior diameter laterally, 
but the femoral head was bullet-shaped, so 
that medially the anteroposterior diameter 
was actually decreased. The superior bor­
der of the right acetabulum was thick- 
t ened and rounded and the acetabulum 
appeared smaller and more shallow than 
the control.
Histological examination showed evi­
dence of old synovitis with adhesions be­
tween the capsule and the articular carti­
lage. There was severe distortion of the 
i  femoral head as noted grossly (Fig. 10). 
The femoral neck was broadened. The ar­
ticular cartilage showed a marked degen­
erative change, with thinning, fibrillation, 
chondrocytic clustering and eosinophilic 
change of the matrix (Fig. 11). In the 
( medial part of the epiphysis, the normal 
bone trabeculae were absent and had been 
replaced by a collection of necrotic debris 
and bone dust (Fig. 12). This material 
was surrounded by vascular connective
R l—
Fig. 9.—Photograph of the upper end of the 
right (experimental) and left (control) femurs eight 
weeks after interruption of the right ligamentum 
teres femoris. There is marked distortion of the 
right (experimental) femoral head with marked 
irregularity of the articular cartilage.
tissue. Adjacent to the periphery of the 
necrotic bone, a few osteoclasts were pres­
ent. The area of necrosis included adjacent
Fig. 10.—Photomicrograph of the right (experimental) femoral head illustrated in 
Fig. 9. There is distortion of the shape of the head and the superior surface is flattened. 
Medially, in the epiphysis, a residual area o f bone necrosis is apparent (H. and E. x 15).
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Fig. 11.—High-power photomicrograph of the articular cartilage of the femoral head 
illustrated in Fig. 10. There is thinning, fibrillation, chondrocytic clumping and eosinophilia 
of the matrix (H. and E. x 100).
subchondral bone. Overlying this necrotic 
area, the articular cartilage was depressed 
and fractured. In the remainder of the epi­
physis the bone marrow was not of the nor­
mal hematopoietic variety, but was fibro- 
vascular. Bony trabeculae appeared to be 
thickened, and their direction followed the 
altered shape of the femoral head. At the 
medial margin of the head, at its junction 
with the epiphyseal cartilage, there was an 
osteophyte. Except at the peripheral mar­
gins where the normal process was altered, 
the epiphyseal cartilage and osteogenesis 
on its cartilaginous lattice were normal. 
However, metaphyseal trabeculae followed 
the altered shape of the femoral head and 
neck, whose metaphysis was broadened.
D iscussion
The results of the present experiment 
show that in the rabbit both ligation of the 
medial circumflex femoral artery and divi­
sion of the ligamentum teres femoris result 
in flattening and distortion of the femoral 
head; these lesions resemble changes seen
in Legg-Calve-Perthes disease in man. 
Microangiographic study of the blood sup­
ply to the femoral head of rabbits of vari­
ous ages6,7 demonstrated that the major 
source of supply was via the medial cir­
cumflex femoral artery. No injection mass 
entered the femoral head through the liga­
mentum teres femoris artery until after six 
weeks of age. No significant amount of 
contrast media could be demonstrated en­
tering by way of arteries from the meta­
physis before the closure and disappear­
ance of the epiphyseal cartilage. From 
these findings it seems reasonable to sug­
gest that, at the time of performance, the 
extracapsular ligation and division of the 
medial circumflex femoral artery interfered 
with the main blood supply to the femoral 
head, whereas the division of the ligamen­
tum teres femoris did not, as a primary 
effect, interfere significantly with the blood 
supply to the femoral head.
Experimentally, the changes were less 
severe in the animals in which the medial 
femoral circumflex artery was divided.
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Fig. 12.—Higher power photomicrograph of the area of necrosis in the epiphysis of 
the femoral head illustrated in Fig. 10. The normal bone trabeculae have disappeared and 
have been replaced by necrotic debris and bone dust. Surrounding the area there is a 
vascular connective tissue. Articular cartilage is present at the left of the picture (H and E. 
x 100).
The animal sacrificed seven weeks after 
arterial division had developed a very ob­
vious clinical d< cormity of the hip. At sac­
rifice there was marked deformity of both 
femoral head and acetabulum. Histological 
examination showed focal necrosis of the 
trabeculae of the capital femoral epiphysis 
with resorption and healing of this process. 
The presence of residual necrosis of bone 
indicates that there had been vascular 
ischemia of the femoral head at some earlier 
period. In the animals of this group which 
were sacrificed two, three and four weeks 
after ligation, there was less severe flatten­
ing and deformity of the femoral head, 
but no residual histological evidence of 
bone necrosis. The only histological abnor­
mality noted in these three animals, in 
addition to the deformed femoral head, 
was articular cartilage changes consistent 
with early degenerative arthritis.
The femoral head deformity in this group 
most probably represents the sequelae of 
subchondral bone necrosis, resulting from
ischemia produced by arterial ligation. An­
other possibility is that the initial ischemic 
episode resulted in temporary interference 
with subchondral osteogenesis on the lattice 
of the articular cartilage. In either case, 
weight-bearing would have resulted in flat­
tening because of collapse of the areas of 
weakness created. With a newly developed 
blood supply, however, the damage would 
be rectified, so that it is not surprising that 
in most rabbits by the time of sacrifice, 
only the flattening of the femoral head re­
mained, without evidence of bony necrosis. 
The articular cartilage would not likely be 
primarily affected by the arterial ligation 
since its nutrition is thought to be from the 
synovial fluid. Therefore it is unlikely that 
the changes in the femoral head were sec­
ondary to the articular cartilage damage 
noted. It is more likely that the deformity 
of the femoral head resulted in altered 
joint mechanics, and that the articular car­
tilage changes were secondary to this, as 
shown by Bennett and Bauer.1
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In the group in which the ligamentum 
teres femoris was severed, the changes in 
the femoral head were much more severe. 
Clinically, varying degrees of deformity of 
the hip were evident. The animal sacri­
ficed at eight weeks showed thickening of 
the capsule, intra-articular adhesions, 
marked distortion of the femoral head, neck 
and acetabulum, and marked changes in 
the articular cartilage. Histological exam­
ination showed an area of bone necrosis in 
the femoral capital epiphysis. The trabecu­
lar bone of the epiphysis was thicker than 
that seen in the control and had a different 
architectural pattern. The animal sacrificed 
at two weeks showed an acute synovitis 
without change in the shape of the femoral 
head, but although histologically almost 
the entire epiphyseal marrow was necrosed, 
there were only scattered foci of necrotic 
bone. Generalized early degenerative 
changes were apparent in the articular 
cartilage. The animal sacrificed at four 
weeks showed definite distortion of the 
femoral head and neck, but histologically 
there was only mild synovitis and degener­
ation of the articular cartilage; no necrosis 
of bone was present. The animal sacrificed 
at six weeks had marked distortion of the 
femoral head but although the capsule 
was thickened, histologically there was no 
active synovitis and there was no bone 
necrosis.
The interruption of the ligamentum teres 
resulted in these changes. The mechanism 
by which change was produced has not 
been definitely established by this study. 
However, it may be assumed from reasons 
previously mentioned that as a primary 
manifestation, the procedure should not 
interfere significantly with the blood sup­
ply to the femoral head. It is thought that 
the mechanics of the joint may have been 
altered by the procedure and that this in 
turn could result in a secondary disturbance 
of the arterial supply at the level of the 
capsular attachment; or this could alter the 
direction of weight-bearing in such a man­
ner that multiple small fractures occur with 
subsequent collapse and flattening of the 
femoral head. It is possible also that syno­
vitis, a prominent finding in animals of 
this group sacrificed early, in some way
may have interfered with the nutrition to 
the femoral head. Ferguson3 has suggested 
that this does occur in Legg-Calve-Perthes 
disease in man. The finding of generalized 
marrow necrosis and foci of necrotic bone 
in the animal sacrificed at two weeks and 
of residual bone necrosis in the capital fe­
moral epiphysis in the animal sacrificed at 
eight weeks strongly suggests that an epi­
sode of ischemia with resultant necrosis 
had occurred and supports the suggestion 
that such necrosis is important in the gene­
sis of the deformity.
In both groups it would appear that fol­
lowing the operative procedure, necrosis 
of some of the bony trabeculae occurred. A 
collateral blood supply developed, and dur­
ing the period of repair, the necrotic tra­
beculae became points of weakness. 
Weight-bearing on the hip joint during this 
period resulted in collapse of these areas 
and so in flattening and distortion of the 
femoral head. The study further suggests 
that once the femoral head is deformed, 
processes may be initiated that perpetuate 
the disability long after the initial stimulus 
and even the initial pathological lesion 
have disappeared. These processes may be 
solely in relation to repair of damaged and 
necrotic tissue, or may include a remodel­
ling of the internal bony architecture of the 
femoral head and neck, resulting from the 
direction of the forces of weight-bearing 
and traction acting on the altered shape of 
the head. It is possible that the distortion 
of the femoral head by itself could result 
in altered mechanics of the joint. This in 
turn could initiate further ischemic epi­
sodes or small fractures which cause fur­
ther distortion and thus a process which 
becomes progressive. The changes found 
in the acetabulum are most probably sec­
ondary either to the deformed femoral 
head or to the altered joint mechanics, as 
neither of the experimental procedures 
could have affected the acetabulum pri­
marily. The degenerative arthritis as well 
must be considered a secondary manifesta­
tion.
Changes resulting from these two exper­
imental procedures resemble grossly and 
histologically those seen in Legg-Calve-
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Perthes disease in man.4,11 This does not 
necessarily mean that Legg-Calve-Perthes 
disease is the result of either of these me­
chanisms. However, this study shows that 
in the growing rabbit, two procedures, one 
that causes ischemia solely and another that 
probably results primarily in derangement 
of joint mechanics, both result in changes 
in the capital femoral epiphysis. The in­
creased severity of the lesion noted in the 
two rabbits allowed to survive for the long­
est period may indicate a coincidence of 
severe initial insult, or a coincidental differ­
ence in individual susceptibility. However, 
we feel that the increase in severity is more 
likely an indication of the progressive na­
ture of the condition, possibly related to 
the unrestricted weight-bearing allowed 
the animals.
The absence of residual bone necrosis 
in the majority of the animals, and the 
evidence of a healing process in the more 
severe cases, suggests that adequate collat­
eral blood supply does develop in the 
femoral head of the rabbit.
Summary
Medial femoral circumflex artery ligation 
was performed in one group of young rab­
bits and interruption of the ligamentum 
teres femoris artery in another group. The 
animals were sacrificed at intervals of up 
to eight weeks following the procedure. In 
both groups the femoral head on the oper­
ated side showed flattening and distortion, 
changes resembling those seen in Legg- 
Calve-Perthes disease in the human. The 
most extensive changes were found in the 
animals allowed to survive the longest. This 
suggests that once established, the lesions 
produced may become progressive. It is 
thus possible to produce a condition in 
rabbits resembling Legg-Calve-Perthes 
disease in the human by two different ex­
perimental techniques, one that primarily 
interferes with the main arterial supply to 
the femoral head and another that as a 
primary manifestation does not interfere 
with this arterial supply.
The authors wish to express their sincere ap­
preciation to Mrs. Eleanor Little for her editorial 
advice and assistance in preparing the manuscript.
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Resume
L ’etiologie et la pathogenie de la maladie de 
Legg-Calve-Perthes sont mal connues. De nom- 
breux chercheurs ont essaye de reproduire la 
maladie chez l’animal d’experience. La technique 
la plus frequemment utilisee fait appel a une liga­
ture de l’artere de la tete femorale, ce qui en­
frame soit Touverture de la capsule articulaire, 
soit un traumatisme suffisamment important a 
ce niveau pour pouvoir jouer un role dans l’appa- 
rition du syndrome. Les auteurs du present 
article ont procede a une serie d’experiences ana­
logues chez le lapin. Les interventions furent de 
deux types: soit ligature extra-arti culaire de
l’artere circonflexe moyenne, soit ouverture de la 
capsule et section du ligament rond. Dans les 
deux cas, il se fit un aplatissement et une defor­
mation de la tete femorale, ces modifications etant 
d’autant plus accentuees que l’animal survivait 
plus longtemps; ces lesions, lorsqu’elles apparais- 
sent sont done progressives. II est ainsi possible 
de reproduire chez l’animal un etat qui ressemble 
beaucoup a ce que l’on trouve en pathologie 
humaine sous le nom de maladie de Legg- 
Calve-Perthes, avec l’une des deux techniques 
mentionnees indifferemment.
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EXPERIMENTAL STUDIES UTILIZING LOW FLOW RATES WITH 
PROFOUND HYPOTHERMIA0
D. R. CAIN, M .D .f and M. COHEN, M.D., Ph.D., F.R.C.S.JC], Winnipeg, Man.
Profound total body hypothermia has 
been combined with cardiopulmonary by­
pass under circumstances where it would 
seem to offer technical advantages. These 
advantages consist of a reduced flow re­
quirement, a more nearly bloodless opera­
tive field and the availability of prolonged 
periods of total cardiac hypoxia when cross­
clamping of the aorta is required.
The best method of using hypothermia 
in surgery has not been adequately de­
fined. Some authors6’ 8- 13 have used hypo­
thermia with complete circulatory arrest 
during the reparative procedure. Others16 
have preferred to reduce the flow in the 
belief that this extends operative time, en­
courages less of a metabolic deficit, and 
may prevent changes from occurring in 
other organs as a result of total circulatory 
standstill.
Paneth et al.,lr' in a detailed study, found 
that the optimum perfusion rate in normo- 
thermic dogs was 1.2 l./sq.m. body surface 
area per minute. At this flow, the oxygen 
consumption curve levelled off and the bi­
carbonate deficit approached that of the 
control animals.
The present project was undertaken in 
an effort to demonstrate the effect of flow 
variation during hypothermia, and in this 
way to define the minimum flow require­
ments that might provide an adequate per­
fusion. A temperature of 15° C. in the mid­
esophagus was used. Additional tempera­
tures were recorded simultaneously in the 
rectum, myocardium and arterial line. This 
level of hypothermia was selected since it 
would have all the advantages listed above 
without the disadvantage of very prolonged 
cooling and rewarming periods which are 
required at lower levels.
"From the Departments of Surgery, St. Boniface 
General Hospital, St. Boniface, Man., and Univer­
sity of Manitoba, Winnipeg.
This work was supported by Manitoba Heart 
Foundation Grant No. G462. 
fPresent address: 417 Bonsai St., Baltimore 24, 
Md., U.S.A.
M aterials and Methods
Twenty-six mongrel dogs of both sexes 
were used. On the afternoon before the 
procedure, approximately 1500 ml. of blood 
was drawn into heparin from an un­
matched donor.
The pump oxygenator consisted of a 
Sigmamotor pump and a bubble-type oxy­
genator (DeWall), using siliconized stain­
less steel debubbling sponges and a nylon 
filter. The heat exchanger, a Mayo type 
HE 112, was placed in the arterial limb. 
Venous return was by gravity-siphon drain­
age. Temperatures were recorded using 
thermistor probes in the esophagus and 
rectum, and in most cases a needle probe 
in the myocardium and a blunt probe in 
the delivery end of the heat exchanger.
Before the operation the experimental 
animal was weighed and its surface area 
calculated using Meeh’s formula.® Anes­
thesia was induced with 2.5% sodium pen- 
tothal, intubation was effected and the 
animal was placed on a cooling blanket 
connected to a Thermo-Rite cooling unit. 
The endotracheal tube was connected to 
a mechanical respirator utilizing com­
pressed air. The femoral artery was can- 
nulated with a stainless steel arterial can­
nula connected to a short piece of plastic 
tubing filled with heparinized saline. Using 
sterile technique, the right chest was 
entered through the fourth interspace. The 
esophageal probe was placed approximately 
2 cm. above the vena azygos. After hepar­
inization with 2 mg. of heparin per kg. 
body weight given intravenously, Bardic 
catheters were placed in the inferior and 
superior venae cavae. Tapes were placed 
around these vessels as tourniquets. Tn 
addition, in all but three of the animals 
(Nos. 16, 21 and 22), a third catheter was 
placed directly into the left atrium, via a 
Sondergaard dissection, to decompress the 
left side of the heart when cardiac action 
became poor. At such times, the right side
“ Area =  11.2 -tyW*
January 1963 LOW FLOW RATES IN HYPOTHERMIA 93
of the heart was similarly decompressed 
by loosening the tape around the superior 
vena cava. All catheters were connected 
to a common venous limb.
When the above preparations were com­
plete, the dog was placed on by-pass at a 
flow rate of 1.2 l./sq.m. body surface area 
per minute. Cooling was accomplished by 
pumping water approximately 10° C. cooler 
than the mid-esophageal temperature 
through the heat exchanger. When the 
mid-esophageal temperature reached 15° 
C., the temperature in the heat exchanger 
was regulated so as to maintain a constant 
mid-esophageal temperature.
All blood samples were obtained in oiled 
heparinized syringes from the arterial line 
and from the venous line by puncturing a 
short piece of rubber tubing placed in the 
line. The venous line was massaged for 
two to three minutes before sampling in 
order to ensure the thorough mixing of all 
blood entering this line. The first samples 
were drawn as soon as the esophageal 
temperature reached 15° C., then the 
blood flow rate was reduced to a prede­
termined level and maintained constant at 
this flow for one hour. At the end of the 
hour a second set of samples was taken 
and at this time the pump calibration 
checked via a Y-connector placed in the 
arterial line. In addition to the above 
blood samples, an extra set of control 
samples was obtained in several dogs im­
mediately before the onset of the cardiac 
bypass at normothermic temperature. In 
these animals, the venous sample was ob­
tained from the right atrium and the arteri­
al sample from the arterial cannula. On all 
three sets of blood samples the following 
determinations were made: arterial and 
venous hemoglobins by the cyanmethemo- 
globin method; arterial pH, using the 
Beckman pH meter (standardized by using 
a buffer solution of pH 7.0), and arterial 
C 0 2 content by the Van Slyke manometric 
method. The pH was corrected for tem­
perature in both samples taken at 15° C. 
according to Rosenthal.17 The pK values 
were corrected for temperature and pH 
according to Severinghaus et al.18 Arterial 
bicarbonate and C 0 2 tension were calcul­
ated using the Henderson-Hasselbalch
equation. Arterial lactic acid determina­
tions were made according to the method 
of Barker and Summerson (modified).10
Although this was not primarily an ex­
periment in survival, an attempt was made 
at the end of the one-hour run at 15° C. 
to rewarm the animals and to revive them. 
Flow was increased back to the original 
rate of 1.2 l./sq.m. Rewarming was accom­
plished by pumping water 10° C. higher 
than the mid-esophageal temperature 
through the heat exchanger and by warm­
ing to 50° C. the blanket on which the ani­
mal was lying. Electrical defibrillation was 
carried out when necessary. The by-pass 
was discontinued when a mid-esophageal 
temperature of 35° to 37° C. was reached. 
Polybrene, 3 mg./kg. of body weight, was 
administered intravenously in divided 
doses. Drugs were administered intraven­
ously to improve cardiac action. These in­
cluded digoxin, epinephrine (Adrenalin), 
calcium gluconate and sodium bicarbonate.
Because neurological damage has been 
reported with hypothermia, the brains and 
spinal cord of several of the animals were 
removed as soon after death as possible.4 
These were examined grossly and selected 
areas were blocked for microscopical ex­
amination.
Results
It was evident that under the conditions 
which obtained in this study, metabolism 
continued to take place, but at a reduced 
rate as compared with the normothermic 
animal. It was also apparent that at very 
low flow rates a definite metabolic 
deficit occurred and that this deficit was 
diminished when flow rates were increased 
during the one-hour perfusion period at 
15° C. However, as the flows were in­
creased beyond a certain point, further 
improvement, as assessed herein, was not 
demonstrated.
A. Oxygen Consumption
Oxygen consumption was measured at 
the end of the cooling period and at the 
end of the one-hour run. The average oxy­
gen consumption at the end of the cooling 
period, but before the flow was reduced, 
was 30 c.c./sq. m./min. The curve in Fig.
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Fig. 1.—Oxygen consumption at end of one hour 
low flow at 15° C.
1 shows the effect of flow changes on oxy­
gen consumption, as measured at the end 
of the one-hour run at 15° C.
Dogs Nos. 45 and 98 were typical of 
those in which the observations were made 
at flow rates of approximately 5% of op­
timum normothermic flow with an average 
oxygen consumption of 8 to 9 c.c./sq. m./ 
min. Venous blood at these flow rates was 
markedly desaturated, with an oxygen con­
tent as low as 2 vol. %. From these lowest 
flow rates, the oxygen consumption curve 
rose sharply as the flow rate was increased
Low Flow Rate: c.c. sq.m. min.
Fig. 2.—pH change after one hour of low flow at 15° C.
and levelled off at an approximate flow of 
400 c.c./sq. m./min., or 33% of optimum 
normothermic flow. Dog No. 21, at a flow 
of 407 c.c./sq. m./min., consumed 22.4 c.c. 
of 0 2/sq. m./min. and appeared typical of 
those dogs at this flow range. Venous oxy­
gen content at these flows approached nor­
mal values.
B. Biochemical Changes
Biochemical changes which occurred 
during the runs were recorded. The pH 
values were corrected in samples Nos.
1 and 2 for temperature, and pK values 
were corrected in all samples for tempera­
ture and pH. Calculations were made for 
bicarbonate and C 0 2 tension using these 
corrected figures.
The pH change, that is the pH at the 
end of the cooling period minus the pH 
at the end of the one-hour run during 
which temperature was maintained at 15°
C. , is shown in Fig. 2. Dogs Nos. 45 and 
98 demonstrated a pH increase of 0.04 and 
0.1 pH units respectively, or an average 
alkalotic change in the neighbourhood of 
0.07 pH units at flows approximating 5% 
of optimum normothermic flow. This curve 
showed a decrease in this alkalotic change 
as flow was increased, that is, progressive 
acidosis. The curve crosses the zero change 
line at flows of 300 to 400 c.c./sq. m. body 
surface area/min. and levels off; there was 
only a negligible acidotic change there­
after. This figure quantitatively parallels 
the oxygen consumption levelling-off point, 
representing about 33% or one-third of 
optimum normothermic flow.
The effect of flow on C 0 2 content, bi­
carbonate and p C 02 is shown in Figs. 3a, b, 
and c respectively. These three curves are 
very similar. The greatest loss of these con­
stituents occurred at the lowest flows. Dog 
No. 45, studied at 59 c.c./sq. m./min., 
showed a C 0 2 content reduction of 7 
mM./l., a bicarbonate reduction of 6.8 
mEq./l., and a p C 02 depression of 7.3 
mm.Hg. Again these curves drop steeply 
until a flow of 300 to 400 c.c./ sq. m./min. 
is reached. At this point a flow of 338 
c.c./sq. m./min. in dog No. 102, again 
representing approximately one-third of 
optimum flow, resulted in a C 0 2 content
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Low Flow Rate: c.c., sq.m.; min.
Low Flow Rate: c.c./sq.m./min,
j Fig. 3a.—CO; content change during one hour of low 
aw at 15° C.
Low Flow Rate: c.c., sq.m. min.
[Fig. 3b.—HCOif change during one hour of low flow 
15° C.
f»g-
C.
Low Flow Rote: c.c. sq.m./min.
3c.—pCCL change after one hour of low flow at
Fig. 4.—Increase in plasma lactate during one hour of 
low flow at 15° C.
drop of 3 mM./L, a bicarbonate drop of 
2.9 mEq./l., and a p C 02 drop of 2.9 
mm. I Ig, changes which are not significant.
Above this flow the curve is nearly flat, 
with no significant improvement with fur­
ther increased flow.
The results measured in one animal, No.
2, consistently stood well away from the 
curves of the results of the other animals. 
However, during this run, considerable 
difficulty was experienced with the de- 
bubbling unit, which was working im­
properly; this might explain this discrep­
ancy.
Lactate determinations at the beginning 
and at the end of the one-hour period of 
hypothermia at 15° C. were measured. The 
change during this period is graphically 
plotted in Fig. 4. In most instances there 
was a significant rise in lactate values at 
the lower flow rate during this period, with 
a reduction of this rise as flow was in­
creased. This trend, however, was not as 
consistent or as conclusive as the other 
metabolic changes indicated above.
C. General Observations
Cooling and rewarming times showed a 
marked variation. Using this method of cool­
ing, the average time required to bring the 
mid-esophageal temperature to 15° C. was 
21 minutes, with a range of 13 to 41 min­
utes. Rewarming required considerably 
longer with an average of 31 minutes and 
a range of 15 to 70 minutes. The very long 
times required by dog No. 28 to cool and 
rewarm were probably due to poor venous
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return, necessitating a reduced flow in 
this one case during cooling and difficulty 
in returning to full flow during the re­
warming period.
Rectal temperatures were recorded in all 
cases, and myocardial temperatures in the 
17 animals. In all instances, with the ex­
ception of dog No. 50, the rectal tempera­
ture remained well above the esophageal 
temperature at the end of the cooling peri­
od. The average rectal temperature at this 
time was 23° C., with a range of 15° to 
29.5° C. After the one-hour run at 15° C. 
in the mid-esophagus, the average rectal 
temperature had fallen to 19° C. with a 
range of 14° to 24.5° C.
Myocardial temperatures more closely 
followed the esophageal temperatures. At 
the end of the cooling period the average 
myocardial temperature was 15° C. with a 
range of 12.5° to 21° C. Following the one- 
hour run, the temperature of the myocard­
ium had drifted upwards, with an average 
of 17.5° C. and a range of 15° to 20° C.
Cardiac activity during hypothermia was 
found to be very unpredictable. In general, 
it varied between complete arrest, slow 
fibrillation and a slow sinus rhythm of ap­
proximately four beats per minute. While 
some animals demonstrated all three stages 
at different times and on several occa­
sions during the perfusion, a minority of 
them were observed to maintain sinus 
rhythm at this slow rate during the whole 
hour of perfusion. Similar variations in car­
diac rhythm during hypothermia have been 
reported by Heimbecker, Young and San­
ford.9
Fourteen of our 26 animals, or approxi­
mately one half required no electrical de­
fibrillation, reverting to sinus rhythm spon­
taneously. In three cases we were com­
pletely unsuccessful in restoring and main­
taining sinus rhythm. In the remaining nine 
cases, sinus rhythm was restored by means 
of an electrical defibrillator. Of these, four 
required more than a single minimal shock 
to defibrillate. When the animal was fibril- 
lating during rewarming, attempts to de­
fibrillate with a myocardial temperature 
lower than 30° to 32° C. were uniformly 
unsuccessful.
As has been reported previously, venous 
return was noted to drop markedly during
the cooling period.12 Repeated checks 
assured us that the venous catheters were 
not obstructed in any way. Also, we noted 
that as the animal was rewarmed, the 
venous return improved. Thus quantitative­
ly the venous return tended to approximate­
ly parallel the body temperature. However, 
this change in venous return was variable 
and not predictable for any single run.
This reduction in venous return during 
cooling has been ascribed by Kenyon11 to 
vasodilatation which occurs below 15° to 
20° C. in contradistinction to the vasocon­
striction which normally occurs when the 
body is cooled to a lesser extent, and also 
to increased viscosity of the blood. The ex­
istence of this vasodilatation at levels of 
profound hypothermia has not been defin­
itely established.
D. Microscopic Changes in Brain Sections
Dogs Nos. 9 and 34 survived for three 
months. Sections of the brain of dog No. 
9 showed small areas of early infarction in 
the cerebral cortex and cerebellum consid­
ered to be early ischemic changes. It is 
doubtful that these changes were due to the 
hypothermia experiment and we are at a 
loss to explain them. No changes, such as 
healed lesions, were noted which could be 
ascribed to this work. However, this animal 
did manifest a degree of clumsiness and 
awkwardness of movement involving all 
four limbs for one week after the run.
Dog No. 34 showed marked changes con­
sisting of one area of old infarction in the 
deeper layers of the cerebral cortex. There 
was complete cavitation of tissue, with loss 
of nerve cells, glial cells and blood vessels, 
and with replacement by a thin fibroglial 
network in which macrophages were en­
meshed. There was also loss of cells in the 
hippocampus and, in addition, sections of 
the cerebellum showed hyperemia of the 
molecular layer and pallor of the Purkinje 
cells which lie deep in the cerebellar folia. 
This dog also showed a gross neurological 
deficit in the first two months after the run, 
marked early by a wide stance and a more 
prolonged weakness of the hind limbs.
Dog No. 82 survived for six days and 
appeared perfectly well until the morning 
of its death when it was found to be con­
vulsing continuously. This dog showed a
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more definite patchy loss of Purkinje cells 
in the cerebellar cortex. There were a few 
areas of patchy necrosis of the molecular 
layer of the cerebellar cortex in which the 
tissue was fragmented, and blood vessels 
were very prominent with swelling of the 
endothelial lining. In one area this zone 
of necrosis extended deeply to involve both 
the Purkinje cells and the molecular layer. 
Also there was a pale staining area in the 
depths of the cerebellar white matter 
which may have been an ischemic zone. An 
exactly similar change was seen deep to 
an ependymal surface in the cortex. These 
lesions were not typically ischemic because 
blood-vessel wall pathology was so prom­
inent and the loss of tissue architecture was 
not as striking as one would expect. How­
ever, there was no evidence of an inflam­
matory cell reaction and the pathology was 
felt to be secondary to the vascular dam­
age. This animal also had obvious cell loss 
in the cerebral cortex, and, deep in the 
cortex and underlying white matter, lesions 
similar to those described in the cerebellar 
cortex and subependymal layers are seen.
Dog No. 35 survived for six days. This 
animal appeared to be fully awake four 
hours after operation. However, he devel­
oped a bloody diarrhea the following day 
which persisted until he died. In the section 
through the basal ganglia there was a dis­
tinct area of ischemic damage. The tissue 
was poorly stained and segmented, the 
blood vessels showed swelling of the endo­
thelium and there was a round cell re­
action about the blood vessels. There was 
loss of neurones within the ischemic area. 
Blood vessels in many areas showed simi­
lar changes.
Dog No. 5 survived for 48 hours, but did 
not regain consciousness before death. In 
some areas of the cerebral cortex there 
were clear-cut zones of cell loss and vacu­
olization. There was a prominent round 
cell reaction in the perivascular spaces of 
the small intracerebral vessels of the white 
matter. The tissue adjacent to these vessels 
was not obviously damaged. These changes 
were widespread throughout the cortex. 
There was also a subependymal inflamma­
tory reaction. The cerebellar cortex showed 
patchy ischemic changes.
Dog No. 50 survived for 46 hours and 
regained consciousness, but moved very 
little. Movement of the hind limbs ap­
peared to be less than the fore limbs. There 
was some cell loss in that area of the hip­
pocampus susceptible to anoxic damage. 
There was also some pallor and gliosis in 
the subependymal region. No other ab­
normalities were seen. Sections on this dog 
were not adequate.
Dog No. 72 survived for 20 hours. This 
animal was awake and responding very 
soon after closure and appeared to be doing 
well when he suddenly convulsed and died. 
However, no obvious abnormalities were 
seen in sections of the spinal cord, brain 
stem, cerebellum and cortex.
Dog No. 98 survived for four hours. In 
the cerebellum, the Purkinje cells were 
stained very lightly in the depths of the 
cerebellar folia, and there may have been 
loss of cells in these areas but this was 
difficult to evaluate. No other abnormalities 
were seen.
Dog No. 90 survived for three hours. In 
this dog the Purkinje cells showed a ten­
dency to stain more lightly and to be less 
numerous in the depths of the cerebellar 
folia. It was not certain if this was an ab­
normal feature. Remaining sections were 
normal.
Dog No. 102 survived for three hours. 
Sections showed no abnormalities.
Dog No. 78 survived for one hour. This 
dog was sick, possibly with distemper, 
before the experiment. Sections of the brain 
showed evidence of a severe inflammatory 
reaction and it is unlikely that this is re­
lated to the experiment.
E. Survivals
Although this study was not set up to 
investigate survival, two of our animals 
were long-term survivors and ultimately 
died of unrelated causes. One of these was 
killed accidentally at three months and the 
other was sacrificed after a similar interval 
to obtain the brain and spinal cord. Three 
animals survived for five to six days. Of 
these, one had a severe bloody diarrhea, 
and another appeared to be doing well 
when he began to convulse on the sixth 
day and succumbed. The third showed
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marked congestion and consolidation of the 
upper and middle lobes of the right lung. 
These were the only lobes of the lungs 
which were handled during the operation. 
Two of the animals survived for 46 and 48 
hours, and at autopsy showed similar 
changes of these lung lobes as well as se­
vere generalized pulmonary edema.
D iscu ssio n
A. Oxygen Consumption
During the one-hour period at 15° C., 
oxygen consumption rose with progressive 
increments in flow, this being accompanied 
by a progressive reduction in the degree 
of desaturation of the venous blood. As the 
flow rate rose to about 400 c.c./sq. m./min., 
the oxygen consumption curve levelled off. 
The oxygen consumption with flow rates 
of this order was slightly less than that ob­
tained at the end of the cooling period 
before the reduction of flow. This slight 
discrepancy between oxygen consumption 
at the end of the cooling period and at the 
end of the one-hour perfusion at 15° C. 
would appear to be due to a more gener­
alized total body cooling taking place dur­
ing this interval. This is substantiated by 
the downward drift in rectal temperaure 
during this time.
Bigelow1’ 2 has shown experimentally 
that oxygen requirements decreased in 
linear fashion with progressive cooling. At 
a rectal temperature of 20° C., he found 
the oxygen requirement to be 15% of the 
basal normothermic requirement of ap­
proximately 400 c.c./kg. body weight/hr. 
(130-160 c.c./sq. m. body surface area/min.). 
This work was done using an external 
form of cooling, and at 20° C. represents 
an oxygen requirement of about 22 c.c./sq. 
m./min. Paneth et al.15 obtained an oxygen 
consumption of 90 c.c./sq. m./min. under 
conditions of optimum perfusion at normo­
thermic levels of body temperature. The 
present curve levels off at approximately 
23 c.c./sq. m./min. or about 25% of Pan- 
eth’s figure. However, it is obvious that 
under the conditions of this experiment, 
the average total body temperatures re­
mained above 15° C. (even at the end of 
the one-hour period of hypothermic perfu­
sion), although the thoracic organs were
kept at this level. Thus our findings appear 
to be quite consistent with those of Bige­
low.
B. pH Changes
Rosenthal17 has reported an alkalosis 
occurring during cooling when the body is 
well saturated with oxygen. Our results, 
corrected for temperature, indicate a high­
er pH value following cooling than the con­
trol values. However, as indicated by Brew- 
in et al.,5 the pH neutrality point varies 
with temperature. The neutrality point of 
pure water at 38° C. is 6.80 and at 15° C. 
is 7.16. The average control pH, taken be­
fore the beginning of perfusion in 17 an­
imals in this series, was 7.46, or 0.66 pH 
units, more alkaline than neutral pH at that 
temperature (38° C.). The average tempera­
ture-corrected pH of the same 17 animals 
immediately after cooling was 7.68, or 0.52 
pH units, more alkaline than neutral pH at 
15° C. Although these neutrality points are 
obtained from the dissociation curve of 
water, the difference between neutral pH 
at 38° C. and 15° C. (6.80 to 7.20) corres­
ponds closely with Rosenthal’s correction 
factor for pH change in plasma with 
changes in temperature. Using this equa­
tion, this value is plus 0.32 pH units differ­
ence from 38° C. to 15° C. Whether there 
is a direct and valid relationship between 
this purely physical fact of change of neu­
trality point with temperature in water and 
the effect of temperature on pH in plasma 
we have not been able to learn from the 
available literature. However, if we can 
assume that this is the case, then these de­
terminations indicate a relative acidotic 
change during the cooling period. This is 
occurring despite the fact that the figures 
suggest an alkalotic shift when compared 
without regard to temperature corrections 
and their possible significance. Nonethe­
less, because of our ignorance of these rela­
tionships, no firm physiological interpreta­
tion of these figures is possible.
The pH changes which occurred during 
the one hour of perfusion, while the mid- 
esophageal temperature was maintained at 
15° C., indicate, as does the oxygen con­
sumption curve, that with approximately 
one-third of optimum normothermic flow, a
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more stable state existed than was the case 
when the flow rates were below this level. 
At and above this flow rate there was no 
significant change in pH during this one- 
hour period of hypothermic perfusion.
At flow rates below 25% of optimum 
normothermic flow (less than 300 c.c./sq. 
m./min.) and with a constant temperature 
of 15° C. in the mid-esophagus, an appar­
ent alkalosis was recorded over the period 
of one hour of perfusion. At flow rates 
greater than 25% of optimum normotherm­
ic flow, a slight acidosis was generally 
found during the same hour. We are at a 
loss to explain this finding, for lactate and 
bicarbonate determinations did not follow 
this direction of pH shift. This may have 
been a technical error, but the consistency 
with which it was found would not indi­
cate this.
C. Biochemical Changes
The curves produced by the changes in 
the C 0 2 content, the bicarbonate values 
and the pC 02 during the one hour of low 
flow perfusion are consistent with the oxy­
gen consumption curve. At flow rates 
lower than 300 to 400 c.c./sq. m./min., the 
losses of these constituents was consider­
able. The marked bicarbonate deficit 
which occurred with these lower flow rates 
would indicate the production of a severe 
metabolic acidosis, occurring as the result 
of inadequate oxygenation of the cooled 
but still-functioning tissues. The bubble 
type oxygenator is an efficient eliminator of 
C 0 2. The distinctive reduction of the 
p C 02 and the C 0 2 content is a result of 
this rapid C 0 2 elimination, plus a lowered 
production of C 0 2 because of insufficient 
oxygen supply to the tissues. Although the 
lactate changes are not as consistent as the 
other biochemical changes, they do sub­
stantiate the above. With lowest flow rates, 
as a result of relative anoxia with continu­
ing metabolic processes, the lactate in­
creases were quite marked. As the oxygen 
requirements were more adequately met 
with flow rates higher than 300 to 400 
c.c./sq. m./min., the increases in lactate 
tended to be less. The above considerations 
confirm the fact that metabolism does con­
tinue to take place during profound hypo­
thermic levels, and that if an insufficient 
amount of oxygen is available to the tissues, 
a much greater metabolic upset will occur 
than if adequate oxygenation is maintained. 
Flows in the order of 400 c.c./sq. m./min. 
at 15° C. would appear to meet this re­
quirement, and to keep these metabolic 
disturbances to a minimum.
D. Additional observations
The cause of the marked variation noted 
in the cooling and rewarming times is ob­
scure. The method was maintained to a 
standard in all cases with regard to blood 
flow and the temperature of the water pass­
ing through the heat exchanger. Moving 
the probe short distances up or down in 
the esophagus was not found to produce 
any significant change in temperature re­
cordings, indicating that this was not likely 
to be the source of error. Bringing the 
probe anteriorly, in closer relationship to 
the aorta, did result in a lower reading 
during the cooling period. For this reason 
the probe was kept posteriorly as much as 
possible in order to insulate it from the 
aorta which was carrying cold blood before 
any significant degree of heat exchange 
with the tissues. Variations in the degree 
of total body perfusion on the basis of lo­
calized vasospasm would account for some 
cooling and rewarming time differences. 
However, if this was the case, the rectal 
temperature did not substantiate it, as there 
was no correlation between the rectal tem­
perature at the end of the cooling period 
and the time required to cool. Variations 
in the time required to cool animals, using 
standardized techniques, have been re­
ported.13' 19 As of yet, these remain to be 
explained.
Rectal temperatures were found to cor­
relate less closely with the mid-esophageal 
temperatures than did the myocardial tem­
peratures. In general, we found the rectal 
temperature to be a poor index to use in 
predicting myocardial temperature. This 
may have been due to the presence of fecal 
material, and also to our inability to de­
termine the relationship of the rectal probe 
to large pelvic arteries carrying cold blood. 
It was noted in several cases, that moving 
the probe produced temperature reading 
changes of several degrees.
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The slight upward drift of the myo­
cardial temperature, during the one hour 
in which the temperature in the mid­
esophagus was maintained at 15° C., was 
due to the open chest and direct contact 
between the heart and room air. This drift 
was minimal, an average of 2.5° C. in the 
hour, and probably not significant with re­
gard to the degree of protection afforded 
the myocardium by hypothermia. Since no 
attempt was made to record temperatures 
within the brain, no further temperature 
comparisons can be made.
We believe decompression of the heart 
at the onset of inefficient cardiac action is 
important. Inserting a catheter into the left 
atrium to decompress the left side and 
loosening the tourniquet around the su­
perior vena cava to decompress the right 
side of the heart were quite adequate for 
this purpose. No cardiac dilatation was 
noted in any of our animals after the adop­
tion of this method. The maintenance of 
myocardial decompression, we believe, ac­
counts for the ease with which the major­
ity of our animals reverted to sinus rhythm 
during rewarming.
In addition to the foregoing measures, 
we found that very careful handling of the 
lungs was important. At autopsy, several 
of the dogs showed a severe hemorrhagic 
consolidation of the lungs, limited to those 
lobes which were handled during the pro­
cedure. This would appear to have been 
an important factor in their deaths. During 
operation using hypothermia and dimin­
ished flow with complete heparinization 
and some impairment of circulation, it is 
reasonable to expect the lungs to be un­
usually susceptible to trauma of a slight 
degree such as would normally not affect 
them significantly.
The majority of our animals were very 
slow to regain consciousness and to become 
active after operation. Only one was fully 
awake by the time closure was complete. 
This cerebral depression could have been 
due to either the effects of the anesthetic 
agent and inability of the liver to detoxify 
barbiturates effectively during and after 
hypothermia, or it may have been an ex­
pression of cerebral dysfunction owing to 
the effects of hypothermia. In all cases an 
effort was made to limit the amount of an­
esthetic agent used, so that the animals 
were as light as possible when cooling was 
begun. The sections obtained at postmor­
tem indicate that many of the animals 
suffered brain damage of some degree. 
That one animal, which survived three 
months, did show evidence of a neurolog­
ical deficit soon after operation, but had no 
microscopical neuropathology at the time 
of death, would seem to indicate that in­
jury might occur which may be of a minor 
degree and not produce permanent 
changes. In general, the changes which 
were seen did not follow any set pattern. 
They involved areas of the cerebellum, cor­
tex, especially the hippocampus, and also 
the basal ganglia in a random manner. In 
many cases the changes seen would be suf­
ficient to have caused delayed return to 
consciousness and normal cerebral func­
tion, or to have caused or been a promin­
ent contributing factor in the deaths of 
these animals.
Conclusion
During profound hypothermia of 15° C. 
in the mid-esophagus, maintained for a 
period of one hour, a flow rate of approx­
imately 400 c.c./sq. m./min. was required 
to maintain the metabolic state in status 
quo. During this interval with such a flow, 
maximum oxygen uptake by the tissues, 
and only minor shifts in pH values and 
bicarbonate levels, as well as minimal ac­
cumulation of blood lactate, were found to 
occur.
Rectal temperatures were found to bear 
little relationship to temperatures recorded 
within the thoracic organs, i.e., mid­
esophagus and myocardium. While the 
temperature was maintained at 15° C. in 
the mid-esophagus, using such low flow 
rates, the myocardial temperature was ob­
served to drift upwards only an insignifi­
cant amount to levels which would still 
afford uninterrupted protection to the 
heart.
Factors which would appear to be im­
portant for clinical use of this method are 
decompression of both sides of the heart 
during the time when cardiac action be­
comes ineffective, and careful handling of 
the lungs which are unusually susceptible
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to trauma. Also, the problem of neurologi­
cal damage inflicted during application of 
hypothermia by this method must be 
solved.
Much work is still required in this field. 
One aspect which has had almost no study 
is the pH-temperature relationship. In car­
rying out this work and studying the re­
sults of it, we found certain apparent rela­
tionships in this area. However, it is at 
present difficult to know if there is any 
true and valid relation between pH cor­
rection for temperature, pH neutrality 
point change and the relation between pH 
readings taken at various temperatures.
Su m m a r y
Twenty-six dogs were subjected to 
thoracotomy and hypothermia (at a tem­
perature of 15° C. measured in the mid­
esophagus) for a period of one hour. Dur­
ing this one hour of hypothermia, the flow 
rate was varied in different animals, but 
was maintained constant in each individual 
animal. Estimations of arterial and venous 
oxygen content were made at the beginning 
and at the end of the period of profound 
hypothermia, as well as arterial pH and 
CO, content (from which C 0 2 tensions 
and bicarbonates were calculated) and 
plasma lactate determinations.
We found that a flow of 400 c.c./sq. 
m./min. was optimal in providing adequate 
oxygenation and maintaining the measured 
metabolic changes at a minimum at this 
temperature.
The authors wish to express their appreciation 
to Mr. Paul Chabun and Miss F. Zawislak for 
their technical assistance. The neurological sections 
were kindly interpreted by Dr. Donald Baxter, 
University Hospital, Saskatoon.
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R esu m e
On n’a pas encore reussi a determiner quelle 
etait la meilleure facon d’utiliser I’hypothermie 
en chirurgie. Certains font employee en combinai- 
son avec un arret circulatoire total; d’autres pre- 
ferent simplement reduire partiellement le flot 
circulatoire, dans l’idee de prevenir des troubles 
metabolicmes. Le travail presente ici est un en­
semble d experiences visant a determiner quelle 
est 1’influence de la diminution de la circulation 
sur l’organisme en hypothermie. A cet effet nous 
avons utilise 26 chiens que l’on a place en hypo­
thermie a 15° C. et auxquels on a fait subir une 
thoracotomie d’une heure. La temperature etait 
mesuree a 1 aide d une sonde intra-oesophagienne;
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l’oxygenation etait assuree par un oxygenateur a 
bulles et une pompe type Sigmamotor. Pendant 
la duree de l’experience, on fit varier la vitesse de 
la circulation chez chaque animal. On fit des pre- 
levements de sang arteriel et veineux en vue du 
dosage de l’oxygene dans des seringues hepari- 
nisees et huilees, a des temps differents: soit au
debut, des quo la temperature oesophagienne at- 
teignait 15° C., puis une heure apres avoir reduit 
le debit circulatoire. Les resultats de ces dosages 
sont presentes sous forme de tableaux; il y est 
indique qu’un debit de 400 c.c./m2/min. fournit 
une oxygenation optimale et maintient les varia­
tions metaboliques a un minimum.
FAILURE OF ACTIVATED TRYPSIN TO CAUSE EXPERIMENTAL 
ACUTE HEMORRHAGIC PANCREATITIS9
RAYMOND E. MATHEWS, M.D. and N. TAIT McPHEDRAN, M.D., F.R.C.S.[C],
T oronto
The etiology of acute hemorrhagic pancre­
atitis is unknown. Though it has been sus­
pected that trypsin is the cause of this 
lesion, experimental elforts to confirm this 
hypothesis have not been uniformly suc­
cessful. Stein,8 Keith6 and Hara4 and their 
associates are of the opinion that activated 
trypsin was the factor responsible for pro­
ducing acute hemorrhagic pancreatitis in 
their animals; while Anderson,1 Elliott2 and 
Hansson5 and their co-workers were unable 
to demonstrate that active trypsin alone 
was an important factor. In an attempt to 
clarify this problem a further study was 
undertaken to try to identify the role of 
activated trypsin.
Method
A series of 15 dogs was divided into three 
equal groups and treated as follows:
Group 7.—75,000 units of activated tryp- 
sinf was infused into the duct of Santorini 
over 60 to 70 minutes at a pressure not 
greater than 40 cm. of water3,7 after the 
duct of Wirsung had been ligated.
Group 77.-75,000 units of activated tryp­
sin was infused interstitially throughout the 
gland over 15 to 40 minutes into (a) two 
dogs without pancreatic duct ligation; (b ) 
three dogs after both ducts had been lig­
ated.
"From the Department of Surgery, Toronto Gen­
eral Hospital, and the Faculty of Medicine, Uni­
versity of Toronto.
Supported by Medical Research Council Grant 
M.A.-807.
fTryptar (Armour) dissolved in saline.
Group 777.-150,000 units of activated 
trypsin was infused interstitially through­
out the gland over 15 to 24 minutes after 
both pancreatic ducts had been obstructed 
by ligation.
These dogs received no special preoper­
ative diet, and intravenous pentobarbital 
(Nembutal) in a dose of 35 mg./kg. was 
used to produce anesthesia. Postoperatively 
the dogs were given food and fluids ad  
libidum  but received no special care. Sur­
vivors were sacrificed after seven to nine 
days, autopsies were carried out, and 
microscopical sections made of the head, 
body and tail of the pancreas.
Results
Group I: 75,000 units active trypsin in- 
traductally with ducts ligated (T able I) .— 
In three dogs, the entire 75,000 units en­
tered the duct system, but in the other two 
only a portion entered the pancreas in 60 
to 70 minutes. During the operation it was 
observed that this infusion produced mild 
edema of the body and tail; in two dogs 
these portions became slightly hemorrhag­
ic. All dogs survived and were sacrificed. 
At autopsy there was some firmness in the 
head and body of the gland in three dogs; 
the others were normal. Microscopical sec­
tions were normal except in two animals 
which had some interlobular and paren­
chymal scarring indicative of mild chronic 
pancreatitis.
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TABLE I .—A c t iv e  T r y p s in  (75,000 u n it s ) I n t r a d u c t a l  w it h  D u c t  L ig a tio n
Dog
No. Infusion
Time
{min.)
Appearance of 
pancreas at operation Outcome Gross Microscopic Diagnosis
1 75,000 units in 20 c.c. saline
60 head, normal body, mild edema tail, normal
sacrificed 7 days normal normal norm al
2 6667 units in 0.8 c.c. saline
60 head, normal body, mild edema tail, normal
sacrificed 9 days normal normal norm al
3 75,000 units in 11 c.c. saline
60 head, normal body, mildhemorrhagic interlobular edema with petechial hemorrhages tail, mild edema
sacrificed 7 days head, firm and indurated body, firm, old interlobular blood tail, normal
head, body, tail: interlobular and intralobular fibrosis
chronicpancreatitis
4 20,500 units in 2.5 c.c. saline
75 head, normal body, tail:mild interlobular edema
sacrificed 7 days head, normalbody, firm and distortedtail, normal
head, body, tail: interlobular and scattered in ter- acinar fibrosis
m ild chronic pancreatitis
5 75,000 units in 9 c.c. saline
70 head, normal body, mildinterlobular hemorrhagic edema with petechial hemorrhages tail, normal
sacrificed 7 days head, body:firm, indurated and distorted tail, normal
normal normal
Group II: 75,000 units active trypsin 
interstitially (Table II ).—While being in­
fused, an early marked edema was noted which soon decreased and became 
hemorrhagic, but no dog died of acute 
hemorrhagic pancreatitis. After sacrifice, 
the pancreas was grossly normal in three 
dogs but in the other two there was some thickening in the gland (one of these had a 
peripancreatic abscess). Microscopical sec­
tions of the pancreas were normal in two
dogs, showed minimal chronic pancreatitis 
in two, and an organizing necrotizing pro­
cess in the other.
Group III: 150,000 units active trypsin 
interstitially with ducts ligated (Table I I I ) .  
—This perfusion also led to an early marked 
edema which soon decreased and became hemorrhagic. No dog died of acute hemor­
rhagic pancreatitis. After sacrifice, the pan­creas appeared nomial in two dogs, was 
firm and matted to surrounding structures
TABLE I I .—A c t iv e  T r y p s in  (75,000 u n it s ) I n t e r s t it ia l
Dog
No. Infusion
Time
{min.)
Appearance of 
pancreas at operation Outcome Gross Microscopic Diagnosis
1noductligation
75,000 units in 9 c.c. saline
18 head, body, tail:slight hemorrhagic interlobular edema
sacrificed 9 days head, normal body, slightly thickened tail, normal
normal norm al
2noductligation
75,000 units in 9 c.c. saline
15 head, body, tail:slight hemorrhagic interlobular edema
sacrificed 8 days head, body:m atted, several abscesses tail, normal
head, body, tail: interlobular hemorrhagic edema with pancreatic necrosis and abscess organiz­ing to  fibrous tissue
organizingnon-fatalnecrotizinghemorrhagicpancreatitis
3ductsligated
75,000 units in 13 c.c. saline
17 head, body, tail: slight clear interlobular edema
sacrificed 8 days normal head, body, tail: slight in ter­lobular and subcapsular scarring
early  chronic pancreatitis w ith norm al parenchym a
4ductsligated
75,000 units in 18 c.c. saline
40 head, body, tail:slight hemorrhagic interlobular edema, some petechial hemorrhages
sacrificed 8 days normal head, body, tail: m oderate in te r­lobular and in teracinar fibrosis
m ildchronicpancreatitis
5ductsligated
75,000 units in 19 c.c. saline
35 head, body, tail:slight hemorrhagic interlobular edema
sacrificed 8 days normal norm al norm al
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TABLE III.— A c tiv e  T r y p s in  (250,000 u n it s ) I n te r stitia l  w ith  D u ct  L igatio n
Vol. 6
Dog
No. Infusion
Time
{min.)
Appearance of 
pancreas at operation Outcome Gross Microscopic Diagnosis
1 150,000 
units 
in 18 c.c. 
saline
20 head, body, tail:
slight hemorrhagic 
edema, slight 
petechial 
hemorrhages
sacrificed 
7 days
head, body: firm and 
thickened 
tail, normal
head, body, tail: 
early slight 
interlobular 
fibrous tissue, 
parenchyma 
normal
early
chronic
pancreatitis,
normal
parenchyma
2 150,000 
units 
in 18 c.c. 
saline
23 head, body, tail:
slight hemorrhagic 
edema
sacrificed 
7 days
head, normal
body, firm and distorted
tail, normal
head, body, tail: 
moderate 
interlobular and 
mild interacinar 
fibrous tissue
mild
chronic
pancreatitis
3 150,000 
units 
in 18 c.c. 
saline
23 head, body, tail:
slight hemorrhagic 
edema
sacrificed 
7 days
normal head, body, tail: 
moderate 
interlobular and 
intralobular 
fibrous tissue
mild
chronic
pancreatitis
4 150,000 
units 
in 18 c.c. 
saline
24 head, body, tail:
slight hemorrhagic 
edema
sacrificed 
7 days
head, normal 
body, hemorrhage and 
necrosis 
tail, normal
head, body, tail: 
interlobular and 
intralobular 
fibrosis
chronic
pancreatitis
5 150,000 
units 
in 18 c.c. 
saline
15 head, body, tail:
slight hemorrhagic 
edema
sacrificed 
7 days
normal normal normal
in two, and showed areas of hemorrhage 
and necrosis in the other. Microscopical 
sections were entirely normal in one dog, 
showed interlobular scarring but normal 
parenchyma in one dog, and minimal to 
moderate chronic pancreatitis in the other 
three.
D iscussion and Conclusions
Trypsin is a powerful proteolytic enzyme 
that is normally inactive in the pancreatic 
parenchyma and pancreatic juice and is 
activated by the succus entericus when 
pancreatic juice reaches the duodenum. 
Once the cycle of activation is started, ac­
tive trypsin will lead to the activation of 
any trypsinogen present. It has been pos­
tulated that acute hemorrhagic pancreatitis 
occurs if this cycle of activation is initiated 
within the gland, but experimental efforts 
to confirm this hypothesis have led to vari­
able results.
In support of the hypothesis, Hara et a l*  
were able to produce fatal acute hemor­
rhagic pancreatitis by the injection under 
high pressure of active trypsin into the duct 
of Santorini. Keith, Barnes and Denkewalt- 
er8 found that active trypsin injected inter - 
stitially produced acute pancreatitis which 
could be increased in severity by coinci­
dent ductal obstruction or trauma to the 
pancreas. In addition, Stein, Powers and 
Browne8 caused acute pancreatitis by in­
jecting trypsin into the pancreaticoduo­
denal artery after ligation of both pan­
creatic ducts.
On the other hand, Elliott, Williams and 
Stewart2 were unable to produce acute 
hemorrhagic pancreatitis consistently by 
injecting large quantities of trypsin into 
the ducts under physiological pressures. 
Anderson et al.1 were unable to cause lethal 
pancreatitis in their dogs even by inject­
ing active trypsin into the ducts under 
high pressure. Hansson, Lundh and Sten- 
ram1J found that injection of active trypsin 
into rats’ pancreatic ducts did not cause 
acute hemorrhagic pancreatitis.
In this series of 15 dogs no lethal acute 
hemorrhagic pancreatitis occurred. In six 
animals the pancreas was entirely normal, 
and in eight there was mild pancreatic fi­
brosis mostly confined to the interlobular 
spaces. In only one was an organizing ne­
crotic process present and this was related 
to an abscess outside the body of the 
gland. High doses of active trypsin were 
administered intraductally in some dogs 
and interstitially in others to ensure direct 
contact with all structures making up the 
pancreatic parenchyma. Further insult to 
the pancreas was provided by ligation of 
both ducts in all but two of the animals. 
This maneuver alone might account for the 
fibrosis that was found.
It is apparent that active trypsin does not 
damage normal pancreatic cells, and it is
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concluded that activated trypsin by itself 
does not initiate the process of acute hem­
orrhagic pancreatitis.
Su m m ar y
In an effort to elucidate the role of acti­
vated trypsin in the pathogenesis of acute 
hemorrhagic pancreatitis, doses of 75,000 
and 150,000 units were infused into the 
pancreas under a variety of conditions in 
a series of 15 dogs. No lethal acute hemor­
rhagic pancreatitis occurred. It is con­
cluded that active trypsin alone does not 
initiate acute hemorrhagic pancreatitis.
We wish to thank Miss Simpson for her careful 
preparation of the microscopic slides and Miss 
Frances Bobik who assisted with the technical 
aspects of this work.
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R esume
L ’etiologie de la pancreatite aigue est inconnue. 
On a pense que le facteur incriminable etait peut- 
etre la trypsine et les tentatives faites pour prou- 
ver ce point ont ete suivies de resultats incohe- 
rents. Le present article est un compte-rendu 
d’etudes experimentales faites sur F animal, visant 
a elucider ce probleme. On utilisa 15 chiens 
divises en trois groupes: (a ) le premier groupe 
regut une injection de 75.000 unites de trypsine 
activee dans le canal de Santorini sous une pres- 
sion ne depassant pas 40 cm. H O , apres ligature 
du canal de Wirsung; (b) la meme dose de tryp­
sine fut injectee beaucoup plus rapidement; ( c ) 
le troisieme groupe regut une injection double 
apres ligature des deux canaux pancreatiques. 
Dans ces diverses conditions on n’observa aucun 
deces et Ton ne provoqua aucune pancreatite. 
Chez six des animaux, le pancreas se revela tout 
a fait normal et chez huit d’entre eux on trouva 
simplement un leger degre de pancreatite chro- 
nique. Chez un seul il existait un foyer de necrose 
en voie d’organisation, qui etait consecutif a un 
abces localise hors de la glande elle-meme. Les 
auteurs concluent que la trypsine activee ne pro- 
voque aucune lesion de la cellule pancreatique et 
qu’en elle-meme, semble incapable de declencher 
la pancreatite aigue.
STANBURY MEMORIAL MEDICAL LIBRARY
A medical library devoted to the subject of hematology is being es­
tablished at the national reference laboratory of the Canadian Red Cross 
Society, 95 Wellesley Street, Toronto 5, in memory of the late Dr. W. S. 
Stanbury, former national commissioner.
Medical practitioners are advised that gifts of older authoritative litera­
ture on hematology will be welcomed.
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AN EXPERIMENTAL STUDY OF TEMPERATURE IN ISOLATION 
PERFUSION CHEMOTHERAPY0
FRANK W. TURNER, M.B., Ch.B., M.Sc.(Surg.)t and CECIL M. COUVES, B.A., M.D., 
F.R.C.S.(Ed.), F.R.C.S.[C], F.A.C.S.,t Edmonton, Alta.
The technique of isolation perfusion in 
chemotherapy as introduced by Ryan and 
co-workers in 19576 has made it possible for 
surgeons to control, if only for short peri­
ods of time, the biochemical and physio­
logical environments of regionally con­
fined neoplasms.1 While the primary aim 
of the technique was to administer high 
concentrations of anticancer agents to the 
tumour while protecting susceptible nor­
mal tissues such as the bone marrow and 
gastrointestinal mucosa, it was evident that 
the technique would also permit a con­
trolled alteration of the environment of the 
tumour. Much subsequent research has 
been directed toward defining the opti­
mum conditions for the effective antican­
cer activity of presently available agents.
One of the more easily controlled vari­
ables is the temperature of the perfusate. 
Woodhall e l al.10 suggested that since the 
complex processes of a highly organized 
living cell would conform to the kinetics 
of a single reaction such as temperature, 
then the effect of any antitumour substance 
upon a tumour cell should be increased in 
the presence of a hyperthermic environ­
ment. In vitro studies by Mahaley and 
Woodhall3 demonstrated that the activity 
of a variety of anticancer agents was en­
hanced by hyperthermic (42° C .) condi­
tions. Woodhall et al.10 employed perfu­
sate temperatures of 42° C. in perfusing 
cancers of the head and face. Rochlin et 
al.,5 using P32-tagged triethylenethiophos- 
phoramide, demonstrated a direct correla­
tion between temperature and the rate of 
binding of the chemotherapeutic agent to 
the perfused tissue, high local-tissue tem-
* Presented at the Annual Meeting of the Cana­
dian Society for Clinical Investigation, Toronto, 
January 17, 1962.
Supported by Grant No. 248, National Cancer 
Institute of Canada.
tSurgical Research Fellow, Canadian Cancer So­
ciety, Alberta Division, Surgical-Medical Research 
Institute, University of Alberta, Edmonton. 
^Associate Professor of Surgery. Department of 
Surgery, University of Alberta, Edmonton.
perature (38° C .) markedly increasing the 
amount of drug bound.
Ausman and Aust1 found that one-third 
of the total activity of nitrogen mustard 
was lost within the first five minutes of ex­
posure to blood at 37° C., whereas only 
10% of the activity was destroyed in a 
similar period at 7° C. On this basis it was 
hoped that hypothermia might be of some 
advantage in increasing the total amount 
of nitrogen mustard absorbed by any given 
area, but it was found that hypothermia 
reduced the metabolic action of the tissue 
sufficiently to impair the process of absorp­
tion and inactivation of nitrogen mustard 
in the hydrolized form, so that the net re­
sult of perfusion at hypothermic tempera­
tures was no improvement over perfusion 
at physiological body temperature.
Shingleton and others7,11 combined a 
hyperthermic perfusate to enhance drug re­
action with hypothermia of tissues outside 
the perfused area to protect the bone mar­
row in perfusions of abdominal and intra- 
thoracic neoplasms where only poor vascu­
lar isolation could be achieved and a cor­
respondingly large leakage of anticancer 
agents might be expected. Shingleton and 
Smith8 have also demonstrated the protec­
tive effect of hypothermia against lethal 
doses of mechlorethamine in dogs.
The consensus of opinion, therefore, was 
that hyperthermic perfusate temperatures 
were preferable in view of theoretical and 
in vitro evidence of enhanced activity of 
anticancer agents under hyperthermic con­
ditions. There was, however, no direct in 
vivo experimental evidence to support this 
hypothesis and it was decided to investi­
gate the effect of alteration in perfusate 
temperature on the response of the Walk­
er 256 carcinoma to triethylenethiophos- 
phoramide (T.S.P.A.), using the technique 
for isolation perfusion of the rat hind 
limb developed in this laboratory.9 In addi­
tion, studies were also undertaken to evalu­
ate the use of externally applied heat in 
the form of local diathermy as had been 
advocated by Young et al.11
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Materials and Methods
The technique for isolation perfusion of 
the rat hind limb has been described in 
detail elsewhere.9 The technique is ana­
logous to clinical perfusion procedures ex­
cept that the perfusate is not recirculated. 
A simple combined blood reservoir, bubble 
oxygenator and debubbler is used from 
which blood is pumped by a Sigmamotor 
pump® through a heat exchanger into the 
perfusion circuit. The venous line empties 
by gravity into a graduated collecting cyl­
inder. In this study, male Sprague-Dawley 
rats weighing 200 to 300 grams were used. 
The Walker 256 carcinoma was inoculated 
into the posterior muscle mass of the right 
hind limb and perfusions were carried out 
four to seven days after inoculation of the 
tumour. The femoral artery and vein of the 
tumour-bearing limb were cannulated just 
below the inguinal ligament and a tourni­
quet was placed proximal to the point of 
cannulation. A flow rate of 0.5 ml./min. 
was maintained for 15 minutes. T.S.P.A., 4 
mg./kg. body weight, was administered 
in three equally divided doses at 0, 5 and 
10 minutes.
Part 1.— Six groups of 25 rats each were 
studied. Groups 1, 3 and 5 were perfused 
with T.S.P.A. at perfusate temperatures 
of 42°, 37° and 22° C. respectively. Groups 
2, 4 and 6 were perfused without drug 
at 42°, 37° and 22° C. respectively. A 
further group of 50 rats (Group 7) re­
mained untreated to act as controls. All of 
the rats were kept in individual cages and 
fed a standard laboratory diet with water 
ad libitum. They were examined regularly 
with particular attention being paid to the 
gross tumour response and to the condi­
tion and function of the perfused limb. 
An autopsy was performed on each animal 
within 24 hours of death and the incidence 
and extent of metastases were observed.
Part 2.—Six groups of three rats each 
were perfused under the same conditions 
as Groups 1 to 6 in Part 1. In these animals 
a study was made of the temperature 
changes within the tumour and the per­
fused limb during perfusion. Thermistor 
probest were placed in the arterial and
"Sigmamotor, Inc., Middleport, N.Y.
tYellow Springs Instrument Co. Inc., Yellow
Springs, Ohio, U.S.A.
venous lines, in the rectum, in the tumour 
and subcutaneous tissues of the tumour 
limb, and in the posterior muscle mass of 
the contralateral hind limb. Temperatures 
were recorded at two-minute intervals over 
the 15-minute period of the perfusion and 
in one animal from each group perfusion 
was continued for 30 minutes while tem­
peratures were recorded. In a further three 
rats the temperature within the tumour 
was monitored during the procedure of 
femoral vessel cannulation and application 
of the tourniquet.
These animals were killed after the per­
tinent observations were completed.
Part 3.—Thirty rats underwent perfusion 
with T.S.P.A. while the tumour was being 
heated with externally applied diathermy; 
The perfusate temperature was maintained 
at 37° C. in this series. These rats were 
maintained and observed in a similar man­
ner to those in Part 1. In a further 
six rats temperature measurements were 
made within the limb during perfusion; 
the diathermy was temporarily discontinued 
while these measurements were made, 
since excessive and inaccurate heating of 
the metal probes would otherwise have 
occurred.
The diathermy machine was a modified 
Burdick Model D-54.” In the standard 
model, the plate and filament voltages were 
supplied by secondary coils which had a 
common primary coil, and hence any 
change in applied voltage to the primary 
coil resulted in voltage changes in both 
secondary coils. Since this would cause 
undesirable changes in the temperature 
of the filament, the machine was modified 
by installing a separate transformer to sup­
ply filament power, its primary being con­
nected directly across the power line. Volt­
age supplied to the plate of the tube was 
controlled by a variable ratio transformer, 
providing very smooth control of radio fre­
quency (R .F .) output. R.F. output was 
supplied to the load using a 300-ohm twin­
line lead.
Results
Part I.—The survival time in days and 
the incidence of limb damage in the various
"The Burdick Corporation, Milton, Wis., U.S.A.
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TABLE I.—Comparison op Survival T imes and Incidence op L imb Damage in Groups op R ats with Walker 256 Carcinoma P erfused With and Without T.S.P.A. (4 mg. / kg.) at 42°, 37° and 22° C.
No. o f Perfusate Survival (days) IncidenceGroup rats temperature T .S.P.A . Mean Range limb damage
<°C.) %
1 24 42.0 + 39* 28-49 92 23 42.0 24 20-27 43 23 37.0 + 38 31-52 44 24 37.0 24 20-29 05 24 22.0 + 37* 30-45 46 23 22.0 24 17-31 47 50 Untreated controls 20* 17-25 0*0ne long-term survivor in this group (>100 days) not included in calculations of survival time.
groups are shown in Table I. An unusually high incidence of anesthetic deaths (pen­
tobarbital sodium, 35 mg./kg. body weight, 
intraperitoneally) accounted for the re­
duction in numbers in each group. In each 
of Groups 1, 5 and 7, one rat survived 
over 100 days; these rats were sacrificed 
and no evidence of tumour was found. 
They were considered to represent spon­
taneous regressions and were not included 
in calculations of survival time, etc.
The survival of all rats treated with T.S.P.A., irrespective of perfusate tempera­
ture, was significantly increased over that 
of the controls. However, the small differ­
ences in survival time between the groups treated with T.S.P.A. at 42°, 37° and 22° 
C. were not statistically significant. Limb 
damage was slight and in no case amounted 
to more than necrosis of the terminal parts of one or two digits. Limb function was 
well preserved. No significant differences 
were observed in the incidence or extent of metastases between the various groups.
Part 2.—The results of this study were 
interesting. It was found that the tumour 
temperature dropped as much as 3.0° C. 
over the five-minute period taken to ex­
pose the femoral vessels, ligate the artery 
and insert the cannula. A further drop of 
1.0° C. followed the application and tight­
ening of the tourniquet. Room temperature 
during these procedures was 22° C. Thus 
the usual tumour temperature before per­
fusion was in the region of 32° to 33° C. 
Subsequent alteration in tumour tempera­
ture with perfusion was not as great as 
had been expected. Perfusion for 15 min­
utes with a perfusate temperature of 42° 
C. only succeeded in raising the tumour 
temperature to 34° C. Perfusion at 37° C. 
resulted in a further slight drop in tumour
TABLE II.—T emperatures Recorded at the Conclusion of a 
15-Minute Perfusion (° C.)
Venous Sub- Contralateral Perfusate Tumour outflow cutaneous limb Rectum
41.8 34.4 36.0 40.0 36.7 37.237.2 32.6 32.8 36 2 36.4 37.222.0 26.3 27.7 28.5 35.0 35.4
temperature to about 32° C. With a perfu­
sate temperature of 22° C., the tumour temperature dropped to about 27° C. but 
was never as cold as the perfusate. Ex­
amples of the various recorded tempera­
tures at the conclusion of a 15-minute per­
fusion are shown in Table II. These figures 
were not significantly altered when the 
perfusion was prolonged to 30 minutes. 
The presence or absence of drug did not 
affect the temperature changes.
Since the subcutaneous temperature of the limb was affected by perfusate tem­
perature, it was concluded that much of 
the perfusate must by-pass the tumour 
vascular bed. This observation has been 
confirmed subsequently by arteriograms 
made using a solution of 50% sodium diatrizoate heated to 42° C.
TABLE III .—Comparison of Survival T imes and Incidence of Limb Damage in R ats Perfused with T.S.P.A. Using (1) External (Dia­
thermy) Heating and (2) P erfusate H eated to 42° C.
No. o f Survival (days) In c id en ceGroup rats Mean Range limb damagef
____________________________________________________%____
Diathermy........................... 28 35 26 - 46 70Perfusate 42° C.................. 24 39 28 -49 9Controls............................... 50 20 17 - 25 0
Part 3.—Two rats in this experiment suc­
cumbed to the anesthetic. One rat was a 
long-term survivor. The other 27 rats had 
a mean survival time of 35 days. The in­
cidence of limb damage was greatly in­creased, occurring in 70% of the rats 
treated. This took the form of superficial 
soft tissue necrosis and/or neuromuscular 
damage resulting in flaccid paralyzed 
limbs. Observations of temperatures within 
the limb showed that it was necessary to 
heat superficial tissues to 48° C. in order 
to achieve a tumour temperature of 42° 
C., a temperature gradient being created 
through the limb. The results of the dia­
thermy group, compared with the group 
perfused at 42° C. and untreated controls, 
are shown in Table III.
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D iscu ssio n
It is apparent that only two conclusions 
can be reached from these studies. The 
first is that perfusate temperature and tu­
mour temperature are not necessarily syn­
onymous. The relative avascularity of these 
early tumours, shown radiographically, is 
probably sufficient explanation for the in­
ability of tumour temperature to respond 
to perfusate temperature. The relatively 
low flow rate may also be important in 
this regard. These temperature changes 
may not hold true in clinical perfusions, 
but it is equally possible that avascular 
human neoplasms will fail to respond to 
perfusate temperature in a similar man­
ner. In this study the perfusate tempera­
ture was varied over a range of 20° C., 
but the tumour temperature varied only 
8° C., and never even reached a physio­
logic 37° C. It is not surprising, therefore, 
that the tumour response, as measured in 
terms of animal survival time, was not sig­
nificantly different in the several groups.
The second conclusion that may be 
reached is that the use of externally ap­
plied diathermy to heat deep-seated tu­
mours is of no practical value. The use 
of diathermy was explored after it became 
apparent that tumour temperature was not 
being materially altered by varying per­
fusate temperature. Young et al.11 had pre­
viously suggested that the use of local 
diathermy to maintain hyperthermic condi­
tions in the region of the tumour should 
be evaluated. Unfortunately diathermy, as 
used in this experiment, would appear to 
do more harm than good. In order to heat 
deeper tissues to the required 42° C., it 
was necessary to heat intervening superfi­
cial tissues as high as 48° C. This resulted 
in extensive local burns and evidence of 
neuromuscular damage to the limb, while 
the tumour response was not enhanced in 
any way. This bears out the conclusion 
reached by Gilchrist and his co-workers2, 4 
that diathermy was unsuitable for produc­
ing localized heating in intact animals. To 
achieve this object Gilchrist prefers to use 
a target material in the form of minute 
particles of magnetic iron oxide, which 
undergo heating as a result of hysteresis
loss when exposed to a suitable radio-fre­
quency. This technique works well when 
attacking lymph nodes which will concen­
trate the injected iron oxide particles, but 
a more general application would seem 
difficult.
Finally, the more general question of 
whether or not hyperthermic conditions 
enhance the activity of anticancer agents 
in vivo remains unanswered. The difficulty 
of maintaining an avascular tumour at even 
normothermic temperatures is apparent, 
and since theoretical and in vitro evidence 
point toward the value of hyperthermic 
conditions, it would seem advisable to 
maintain at least a normothermic perfusate. 
Certainly there is no evidence that hyper­
thermic perfusates increase damage to nor­
mal tissues within the perfused region.
S u m m a r y
An investigation was carried out into the 
effect of different perfusate temperatures 
(42°, 37° and 22° C.) on the activity of 
T.S.P.A. against the Walker 256 carcinoma. 
No enhancement of activity under hyper­
thermic conditions was shown, but this 
may have been due to the limitations of 
the technique. It was however concluded 
that: (1) Perfusate temperature and tu­
mour temperature are not necessarily syn­
onymous. (2) Diathermy as a means of 
producing localized heating in intact ani­
mals is of no practical value.
The technical assistance of Mr. A. Geczy, surg­
ical assistant, and Mr. N. Louie, medical student, 
was greatly appreciated. Mr. Neil Burtch of the 
Department of Electronics Maintenance, Univer­
sity of Alberta, was responsible for modifications 
to the diathermy machine.
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R e su m e
La technique de la perfusion limitee a ete mise 
au point en 1957 par Ryan et ses collaborateurs. 
Elle permet d’injecter une drogue anti-cancereuse 
dans un neoplasme relativement delimite tout en 
protegeant les tissus environnants des domages 
que cette drogue pourrait leur causer. Un des 
facteurs qui entrent en consideration et qui est 
facile a controler est la temperature du iiquide 
injecte. On sait experimentalement que l’elevation 
de la temperature augmente les proprietes anti- 
cancereuses dun grand nombre de substances. 
C’est a une etude de ce genre que les auteurs se 
sont livres en utilisant le rat com ae animal d’ex- 
perience. Ces rats furent groupes en trois cate­
gories. Les premiers regurent une perfusion de tri- 
ethylenethiophosphoramide (T.S.P.A.) dans la 
patte posterieure, porteuse d’un carcinome de 
Walker 256; on controla et fit varier la tempera­
ture de la solution. Dans un autre groupe on 
laissa cette temperature constante, mais on modifia 
la temperature de la tumeur par des applications 
d’ondes courtes. D’autres animaux servirent de te- 
moins. Les resultats peuvent se resumer comme 
suit: la temperature de la tumeur et la tempera­
ture de la solution injectee sont souvent diffe- 
rentes. La diathermie se revele sans utilite.
INDICATIONS CHIRURGICALES DANS LE 
TRAITEM ENT DES CANCERS. Henri Redon 
avec la collaboration de Jean-Claude Menegaux. 
285 pp. Masson & Cie, Paris, 1962. 35 NF. 
$7.00 (approx.).
Dans son ouvrage sur les “indications chirurgi- 
cales dans le traitement des cancers”, 
Henri Redon consacre quelques chapitres a 
des generalites sur le cancer. II etudie ensuite 
le traitement de chacun des cancers en par- 
ticulier. Dans les generalites, l’auteur etudie 
successivement revolution generale des can­
cers, leur diagnostic, les elements cliniques du 
pronostic des cancers et finalement, les moyens 
de la chirurgie devant cette maladie.
Ces considerations d’ordre general sont tres 
interessantes et particulierement l’etude sur 
1’evolution generale des cancers. L ’auteur 
rappelle que, en dehors de revolution classique 
des cancers, il existe des formes aigues, des 
poussees evolutives se greffant sur une forme 
chronique et finalement, des cancers lympho- 
tropes, c’est-a-dire des cancers qui se mani- 
festent par une adenopathie. A ce propos, 
l’auteur recommande de ne jamais pratiquer 
une intervention chirurgicale apres un seul 
examen du malade, car celle-ci pourrait se 
situer au moment d’une poussee aigue de la 
maladie et apporter un resultat desastreux. II 
faut de plus noter une etude interessante de 
la guerison spontanee et des recidives du can­
cer.
II est impossible de resumer chacun des 
chapitres concernant les cancers en particu- 
lier. D’une fagon generale, l’auteur preconise
un traitement reconnu: il s’objecte aux exci­
sions supra-radicales dans le cancer du sein, 
il preconise l’evidement du cou dans les can­
cers de la langue sans adenopathie, il con- 
damne la gastrectomie totale de principe dans 
le cancer de l’estomac et son traitement des 
tumeurs des glandes salivaires est devenu 
classique.
Dans le cas du cancer du rectum, le pro- 
bleme de la resection abdomino-perineale vs 
les resections qui conservent l’anus est tres 
bien pose. L’auteur decrit a cette occasion la 
technique de Duhamel qu’il recommande pour 
la preservation de l’anus dans les cas ou la 
situation de la tumeur le permet. Dans les 
cas de cancer du colon gauche avec obstruc­
tion, l’auteur conseille un anus sus-tumoral. Il 
ne mentionne pas, a propos des cancers du 
colon gauche, l’hemicolectomie gauche avec 
ligature de l’artere mesenterique inferieure a 
son origine.
L ’auteur recommande l’electrocoagulation 
des naevo-carcinomes avec curage ganglion- 
naire. Il alfirme que l’electrocoagulation donne 
un aussi bon resultat que la resection elargie.
En resume, l’ouvrage est tres bien fait et 
peut rendre service aux chirurgiens et aux re­
sidents qui se specialisent en chirurgie. Il ne 
faut pas oublier cependant que le traitement 
chirurgical dans plusieurs cas doit s’integrer 
dans un traitement d’ensemble qui peut com- 
prendre en outre la radiotherapie et la chimio- 
therapie. De plus, comme 1’ecrit l’auteur “cette 
opinion reste celle de 1961, elle est susceptible 
d’evoluer comme celle de mes lecteurs”.
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S U R GI CA L  T E C H N I Q U E
SUBCLAVIAN ANGIOGRAPHY*
H. F. W. PRIBRAM, M.A., M.B., D.M .R.D.,t Edmonton, Alta.
I n t h e  past 10 years angiography “has de­
veloped into a series of polished and versa­
tile techniques”1 and it is the purpose of 
this communication to describe one of 
these. Its particular application is in the 
investigation of cerebrovascular dis­
ease2, 4> 9 as well as an alternative method 
of vertebral angiography.3,7' 11 Other in­
dications for its use are considered, since 
the radiologist (or surgeon) may wish to 
avail himself of this procedure when cir­
cumstances render others unsuitable. The 
report is based on a series of 175 subclav­
ian arteriograms.
In d icatio n s
N eedle Technique
1. In the investigation of cerebrovascular 
disease.2- * • The work of Hutchinson and 
Yates5, 6’ 12 on caroticovertebral stenosis has 
indicated the need to investigate the ori­
gins of all vessels supplying the brain. They 
drew attention to the high incidence of 
extracranial vascular disease in patients 
with strokes, suggesting an etiological re­
lationship between these two entities. Such 
disease is often very localized and surgi­
cally accessible. For example, in the verte­
bral artery such localized disease is found 
at its origin from the subclavian artery 
(Fig. 1) and in the internal carotid artery 
at the bifurcation of the common carotid 
artery (Fig. 2).
An alternative method of investigation is 
by means of brachial angiography and al­
though this technique has been used at the 
University of Alberta Hospital, it is not 
favoured. Loss of the radial pulse, the pos­
sibility of an arteriovenous fistula between 
the brachial artery and vein or damage to 
the median nerve render it an unsuitable 
method except in certain circumstances.
"Based on a paper presented at the 14th Annual 
Meeting of the Canadian Neurological Society, 
Winnipeg, June 15, 1962.
tDepartment of Radiology, University of Alberta 
Hospital, Edmonton, Alta.
2. As a m ethod of vertebral angiog­
raphy.8’ 7’ 11 (Figs. 3 and 4 ).—It is some­
times considered unwise, or it may prove 
impossible, to perform direct vertebral ar­
tery puncture. On these occasions the ver­
tebral arteries may be satisfactorily dem­
onstrated by subclavian angiography but 
the contrast in the intracranial vessels is 
never as good as that obtained by direct 
puncture. It may be thought that on ana­
tomical grounds, puncture of the left sub­
clavian artery is to be preferred, but it 
matters little which subclavian artery is 
punctured because one vertebral artery is 
commonly larger than the other and may 
arise from either subclavian artery.
Direct vertebral angiography in skilled 
hands is associated with a very low compli­
cation rate. However, it is salutary to re­
member what damage may be done by a 
single clean puncture. Fig. 5 shows a right 
vertebral arteriogram. The circumstances 
were as follows: The artery was punctured 
at the first attempt (white arrow) and a 
good flow was obtained. However, when 
the contrast medium was injected, there 
was a general power failure throughout the 
city and no films were obtained. When 
power was restored the vertebral artery 
was again punctured in a single attempt 
(black arrow) and the film illustrated in 
Fig. 5 was obtained. It shows the verte­
bral artery to be occluded, presumably by 
hematoma formation. The patient suffered 
no ill effect.
3. In the thoracic inlet syndrom e.—Com­
pression or occlusion of the subclavian 
artery by bands or cervical ribs may be 
shown (Fig. 6 ).
Catheter Technique
1. As a m ethod of carotid angiography  
when the carotid artery has not b een  visu­
alized on subclavian angiography.
2. As a m ethod of thoracic angiography  
(Fig. 7).—It is relatively easy to pass a
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Fig. la .—Right subclavian arteriogram showing stenosis of the right vertebral artery 
at its origin in a woman aged 73.
Fig. lb .—Right subclavian arteriogram showing occlusion of the right vertebral artery 
at its origin in a 47-year-old man.
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Fig. 2.—(a) Right subclavian arteriogram, lateral view, in a man aged 64, showing stenosis of 
the right internal carotid artery, (b) Right subclavian arteriogram in a man aged 59, showing stenosis 
of the right internal carotid artery.
Fig. 3.—Subclavian vertebral arteriogram showing 
asilar artery aneurysm.
Fig. 4.—Anteroposterior view of a normal subclavian 
vertebral arteriogram.
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Fig. 5.—Right vertebral arteriogram showing occlu­sion by hematoma (white arrow) after single clean punc­ture.
catheter into the thoracic aorta from the 
subclavian artery, since it is a direct route. 
Nevertheless, retrograde femoral arteriog­
raphy remains an excellent technique.
3. As a method of coronary arteriog­
raphy.
4. In the investigation of dissecting 
aneurysm when retrograde femoral angiog­
raphy proves unsuitable.
T echnique
Needle Puncture
Local anesthesia is employed in all cases 
and the usual premedication is with meper­
idine (Demerol) and either atropine or 
hyoscine. In cases of suspected cerebro­
vascular disease, heavy premedication is 
avoided in order to prevent any fall in 
blood pressure.
Fig. 6.—Right subclavian arteriogram showing comyl pression of subclavian artery by fibrous extension ofl scalenus anterior in a nurse aged 29. This was con-1 firmed at operation.
The vessel is palpated in a triangle de­
fined by the clavicle, the clavicular head 
of the sternomastoid muscle and the ex­
ternal jugular vein. The chin is turned to­
ward the opposite shoulder and when an 
assistant applies traction to the arm even 
inaccessible vessels become palpable. A size 
17 short-bevel needle is used. It is con­
nected with plastic tubing to a syringe 
filled with normal saline. The skin is punc­
tured and the artery sought with the bevel 
until pulsation is transmitted through the 
shaft. The needle is then passed into the 
artery, a free flow of blood being immedi­
ately obtained. The vessel is never trans­
fixed and no attempt is made to thread the 
needle along the lumen. Saline is injected under pressure and any complaint of pain 
by the patient implies incorrect needle placement. When this occurs, pain is felt between the shoulder blades. Since the injection of saline is normally painless, the 
position of the needle must be corrected. 
Two other indications of incorrect position 
of the needle may be found. A thrill may 
be felt along the shaft of the needle or the
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tubing when blood returns after the injec­
tion of saline. Alternatively, the returning 
column of blood may have a slightly pink­
ish tinge, this indicates a subintimal injec­
tion.
When the operator is satisfied that the 
needle has been placed correctly, the pa­
tient is positioned for an anteroposterior 
projection and 20 c.c. of 50% diatrizoate 
sodium (Hypaque) are injected. The first 
film is taken about half way through the 
injection. The films, when viewed, usually 
demonstrate both the vertebral and the 
carotid arteries when the right subclavian 
artery has been punctured. If the films are 
satisfactory, one then proceeds to take lat­
eral films of the skull and neck ensuring that 
the bifurcation of the common carotid artery 
is shown. Finally, when these have proved 
satisfactory, an anteroposterior set of films 
of the intracranial circulation is obtained. 
In the investigation of any patient, both 
the extracranial and the intracranial cere­
bral circulation must be demonstrated be­
cause, clinically, a tumour may present as 
occlusion and, conversely, an occlusion may 
present as a tumour.
Catheter Technique
If the carotid artery is not shown then 
a catheter may be introduced into the in­
nominate artery. This is done in the man­
ner described by Seldinger.10 There is no 
need to use the original Seldinger needle 
because a polyethylene 160 guide wire may 
be introduced with ease through the needle 
employed for angiography. If any resist­
ance is felt the guide wire is withdrawn 
and the needle re-aligned. Sometimes the 
needle is in a position too perpendicular 
in relation to the artery for catheterization 
to be possible. After the guide wire has 
been introduced, the needle is withdrawn 
and the catheter threaded along the guide 
wire and passed into the artery. The guide 
wire must be longer than the catheter and 
normally a guide wire 50 cm. long is used 
for a catheter 30 cm. long. The guide wire 
is then removed and the catheter irrigated 
with normal saline. It is important always 
to aspirate before injecting saline in order 
to avoid the injection of fibrin emboli. 
There is no need to use heparin.
Fig. 7.—Thoracic aortogram with catheter passed 
through the right subclavian artery. There is an occlu­
sion of the left subclavian artery.
Normally, at this centre, an Odman8 
green catheter is used because it is radio­
paque. A nylon catheter may be employed 
and if filled with hypaque it is rendered 
opaque. To avoid any jet effect, the cathe­
ter has four side-holes directed backwards.
The catheter passes easily into the 
ascending aorta and may even be passed 
through the aortic valves into the left ven­
tricle. For coronary arteriography it is 
positioned just above the aortic valves; for 
other types of thoracic angiography it is 
positioned in the ascending aorta. The 
right subclavian route also enables one to 
pass the catheter into the descending aorta, 
for when it is withdrawn from the ascend­
ing aorta the rush of blood flips the end 
of the catheter into the descending aorta. 
For thoracic aortography, a pressure in­
jector must be used and normally an in­
jecting pressure of 150 lb./sq. in. is em­
ployed.
C o m p l ic a t io n s
Complications are minimized by discour­
aging the occasional arteriographer; by 
techniques of passive angiography where 
dye is allowed to flow naturally up the 
vessels being examined; by reducing the
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concentration and the quantity of the con­
trast medium to a minimum, and by main­
taining the patient’s blood pressure at nor­
mal levels. There are also refinements of 
technique, such as using a short-bevel 
needle and never threading it along the 
lumen of the vessels. This avoids subin- 
timal injections and the possibility of dis­
section. When all this has been done, one 
still incurs the risk of making the patient 
worse.
The anticipated complication of pneumo­
thorax occurred on six occasions. All of the 
patients but one were asymptomatic. Two 
patients were treated with sealed drainage, 
while another, who had a right upper lobe 
atelectasis, was treated by catheter aspira­
tion which resulted in immediate re-ex­
pansion of the atelectatic lobe.
The important consideration with respect 
to this complication is to be aware that it 
has occurred. For this reason bilateral sub­
clavian angiography is never undertaken 
at one sitting, and a chest radiograph is 
obtained before and immediately after the 
procedure has been completed. A further 
film is obtained the next day, as the devel­
opment of pneumothorax may be delayed. 
A routine pyelogram is obtained at the end 
of the examination.
Hematoma has not been troublesome, 
since the artery is manually compressed as 
soon as the needle or catheter is with­
drawn.
No other complications were encoun­
tered.
Su m m a r y
A technique of subclavian angiography 
is described and indications for its use are 
discussed.
I would like to thank Mr. M. Meeuse for the 
considerable time and care that he has devoted 
to producing slides and prints for me.
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1. A br a m s , H. L.: Angiography, Little, Brown &
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2. B a k er , H. L., J r .: Angiographic investigation
of cerebrovascular insufficiency, Radiology, 
7 7 : 399, 1961.
3. B a r b ie r i, P. L. and VERDECCHtA, G. C.: Ver­
tebral arteriography by percutaneous punc­
ture of the subclavian artery, Acta Radiol. 
(Stockh.), 4 8 : 444, 1957.
4. C ra w fo r d , E. S., D e B akey , M. E. and
F ie l d s , W. S.: Roentgenographic diagnosis 
and surgical treatment of basilar artery 
insufficiency, J. A. M. A., 168: 509, 1958.
5. H utchinson , E. C. and Y a t es , P. O.: The
cervical portion of the vertebral artery, a 
clinico-pathological study, Brain, 7 9 : 319, 
1956.
6. H utchinson , E. C. and Ya t e s , P. O.: Caro-
tico-vertebral stenosis, Lancet, 1: 2, 1957.
7. M o r r is , L.: Arteriographic demonstration of
the vertebral artery with special reference 
to percutaneous subclavian puncture, Brit. 
J. Radiol., 3 2 : 673, 1959.
8. O dm an , P.: The radiopaque polythene cathe­
ter, Acta Radiol. (Stockh.), 5 2 : 52, 1959.
9. P r ib r a m , H. F. W.: Angiography in cerebro­
vascular disease, J. Neurosurg., (In press).
10. S eld in g er , S. I.: Catheter replacement of the
needle in percutaneous arteriography; a 
new technique, Acta Radiol. (Stockh.), 3 9 : 
368, 1953.
11. Sh im id z u , K .: Beitrage zur Arteriographie des
Gehirns; einfache percutane Methode, 
Arch. f. Klin. Chir., 188: 295, 1937.
12. Y a t e s , P. O. and Hutchinson , E. C.: Cere­
bral infarction: the role of stenosis of the 
extracranial cerebral arteries, Medical Re­
search Council, Special Report Series No. 
300, H.M. Stationery Office, London, 1961.
R esu m e
L’auteur decrit ici une technique d’angiographie 
qu’il a mise au point. Elle s’applique par- 
ticulierement bien a la visualisation des vaisseaux 
endocraniens et vertebraux. On fait tout d’abord 
une anesthesie locale; puis selon les difficultes 
rencontrees localement on pratiquera l’injection 
soit simplement avec une aiguille, soit avec un 
catheter. La methode a l’aiguille permet de ponc- 
tionner la sous-claviere directement a travers la 
peau. Apres avoir bien repere le vaisseau avec 
les doigts dans le triangle forme par la clavicule, 
le chef claviculaire du stemo-cleido-mastoidien et 
la veine jugulaire exteme, on enfonce une aiguille 
No. 17 a biseau court; la mise en place de cette 
aiguille est prouvee par Farrivee d’un jet de sang. 
Elle servira a l’injection de la drogue opaque 
( l’auteur utilise l’hypaque). La methode au ca­
theter consiste a introduire un tube de poly­
ethylene dans l’artere innomine, et a le pousser 
dans l’aorte ascendante.
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EDITORIALS
A NEW PRINCIPAL FOR McGILL
R e flection  on the story of medicine in 
Canada affords many examples of doctors 
who have contributed largely to the pub­
lic service of their communities and their 
country. Perhaps physicians have been 
more privileged in this respect than sur­
geons, who are usually regarded as being 
so entirely engrossed with their special 
fields of endeavour as to have little time for 
or interest in the wider fields of administra­
tion and public life. It will therefore be of 
the greatest interest to surgeons every­
where, and a matter of profound satisfac- 
ion and pleasure to Canadian surgeons to 
learn that on December 1, 1962, Dr. H. 
Rocke Robertson became the twelfth prin­
cipal of McGill University.
There will be no doubt in the minds of 
those who have been privileged to know 
and work with this distinguished surgeon 
that the University’s selection committee 
has been wise in its choice, and fortunate 
that he has agreed to accept the post at a 
time when all the institutions of higher 
learning in Canada are being asked to as­
sume steadily increasing responsibilities.
There are many notable features in the 
career of the young Westerner who came 
East to seek his undergraduate degrees at 
the famous university of which, some 25 
years later, he finds himself the chief exec­
utive officer. His early years at McGill were 
marked by outstanding scholarship, active 
participation and success in athletics, an 
interest in his fellows, and a great capa­
city for friendship. Following his graduation 
in medicine he spent some years in fur­
ther study in Montreal and Edinburgh. 
While in Scotland he studied under Sir 
John Fraser, another great surgeon and 
teacher who later became head of his own 
university. Returning to Canada, Dr. Rob­
ertson was appointed to the Department of 
Surgery of The Montreal General Hospital. 
In 1940 he joined the Canadian Army and 
proceeded overseas with No. 1 Canadian 
General Hospital.
Those early years of the war were some­
what trying even for medical officers. The 
boredom and frustration of thousands of
troops in training could sometimes, quite 
understandably, be reflected in the morale 
of young medical officers. Dr. Robertson, 
however, showed his ability to face diffi­
culties as they arose, and he was shortly 
engaged in the fitting-out of special ve­
hicles and the training of a small comple­
ment of personnel which was to operate as 
a forward mobile surgical centre when the 
Canadian troops finally went into action. 
He and Dr. Frank Mills of Toronto, with 
the highly specialized equipment and per­
sonnel of their two units, were with the 
First Division in that historic landing of 
the Eighth Army on the shores of Sicily in 
July 1943. They continued to serve with 
gallantry and distinction in the forward 
area until the summer of the following 
year, when Dr. Robertson was transferred 
to the staff of No. 14 General Hospital at 
Caserta, near Naples.
Returning to Canada in 1945, he con­
tinued to work with Canada’s overseas vet­
erans in the capacity of Director of Surg­
ery in The Shaughnessy Veterans’ Hospital 
at Vancouver.
When a medical faculty was organized at 
the University of Rritish Columbia he was 
appointed Professor of Surgery. In 1959, 
when he was asked to return to his old 
school, he accepted the posts of Surgeon- 
in-Chief of The Montreal General Hospital 
and Professor of Surgery in the Faculty 
of Medicine.
The years have passed quickly and to 
Dr. Robertson they must have seemed all 
too short. His academic interest in surgery, 
his own special researches on the venous 
circulation, his organization of a new de­
partment of surgery and his own tireless 
participation in the teaching of surgery, 
his active memberships in surgical societies 
and associations of Canada, the United 
States and the United Kingdom, his con­
tributions to surgical literature, his quiet 
but persistent dedication to the first edi­
tions of eighteenth century English litera­
ture, the call to new duties in Montreal, 
the fresh problems in an old and familiar 
setting — these are some of the building 
stones in the career of Rocke Robertson, 
who has come so quickly to be recognized 
as a leader in Canadian surgery. But, above 
(Continued on page 119)
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All communications concerning this Journal 
should be marked “Canadian Journal of 
Surgery” and addressed to the Editor, C.M.A. 
Publications, at C.M.A. House, 150 St. George 
St., Toronto 5.
The Journal is published quarterly. Subscrip­
tion is $10 per year ($5 per year for trainees 
in surgery), and starts with the January issue 
of each year. Single copies are $2.50 each, pay­
able in advance. (It would be greatly appre­
ciated if subscribers would please add bank 
exchange to their cheques.)
INSTRUCTIONS TO CONTRIBUTORS
M anuscripts
Manuscripts in duplicate of original articles, 
case reports, and other contributions should 
be forwarded with a covering letter re­
questing consideration for publication in the 
Canadian Journal o f Surgery. Acceptance 
is subject to the understar J ;ng that they 
are submitted solely to this Journal, and 
will not be reprinted without the consent 
of the author and the publishers. Accept­
ance or rejection of contributions will be 
determined by the Editorial Board. As 
space is available, a limited number of 
case reports will be published. Articles 
should be typed on one side only of un­
ruled paper, double-spaced, and with wide 
margins. The author should always retain a 
carbon copy of material submitted. Every 
article should contain a summary of the 
contents. The Concise Oxford Dictionary 
will be followed for spelling. Dorland’s Am­
erican Medical Dictionary will be followed 
for scientific terminology. The Editorial 
Board reserves the right to make the usual 
editorial changes in manuscripts, includ­
ing such changes as are necessary to en­
sure correctness of grammar and spelling, 
clarification of obscurities or conformity 
with the style of the Canadian Journal of 
Surgery. In no case will major changes be 
made without prior consultation with the 
author. Authors will receive galley proofs 
of articles before publication, and are asked 
to confine alterations of such proofs to a 
minimum.
Reprints
Reprints may be ordered on a form which 
will be supplied with galley proofs. It is 
important to order these before publication 
of the article, otherwise an extra charge 
for additional type-setting will be made.
References
References should be referred to by numer­
als in the text. They should include in 
order: the author’s name and initials in capi­
tals; title of the article; abbreviated journal 
name; volume number, page number and 
year. The abbreviations of journal names 
should be those used by the National 
Library of Medicine, Washington, D.C., as 
published in Index M edicus. References to 
books should include in order: author’s 
name and initials; title of book; number of 
edition (e.g., 2nd ed .); title of publishing 
house; city of publication; year of publica­
tion; page number if a specific reference.
Illustrations
A reasonable number of black-and-white 
illustrations will be reproduced free with 
the articles. Colour work can be published 
only at the author’s expense. Photographs 
should be glossy prints, unmounted and 
untrimmed, preferably not larger than 10" 
x 8". Prints of radiographs are required 
and not the originals. The magnification of 
photomicrographs must always be given. 
Photographs must not be written on or 
typed on. An identifying legend may be 
attached to the back. Patients must not be 
recognizable in illustrations, unless the 
written consent of the subject for publica­
tion has been obtained. Graphs and dia­
grams should be drawn in India ink on 
suitable white paper. Lettering should be 
sufficiently large that after reduction to 
fit the size of the Journal page it can still 
be read. Legends to all illustrations should 
be typed separately from the text and sub­
mitted on a separate sheet of paper. Illustra­
tions should not be rolled or folded.
Language
It should be clearly understood that con­
tributors are at full liberty to submit 
articles in either English or French, as they 
please. Acceptance will be quite independ­
ent of the language of submission. If the 
contributor wishes, he may submit an in­
formative summary of not more than 300 
words in the language other than that in 
which he has submitted the article. For 
example, an article in English must carry 
an English summary and may, if the author 
wishes, carry a more detailed summary in 
French.
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all, he has developed a mature judgment 
and the ability to face problems with equa­
nimity, to make decisions—decisions based 
on sympathetic understanding and rein­
forced by an unquestioned integrity.
McGill is indeed fortunate in its choice 
of this man as its twelfth Principal, and the 
surgeons of Canada offer him their con­
gratulations and assure him that they look 
forward with the utmost confidence to his 
success in this challenging new post.
LES IMPREVUES DANS LA
CHIRURGIE DES VOIES BILIAIRES
Les operations sur les voies biliaires, 
aujourd’hui parmi les plus frequentes, sont 
parfois suivies de complications ou d’acci- 
dents serieux qui, pour la plupart, peu- 
vent etre prevus et evites. Le chirurgien 
doit en connaitre les principales causes afin 
de ne pas avoir a regretter de consequences 
facheuses.
La connaissance exacte de l’anatomie 
normale, permettant de decouvrir plus fa- 
cilement les anomalies et les transforma­
tions pathologiques, est un des plus sur 
moyen de reussite. L ’anatomie s’apprend 
de bien des manieres: dans les livres, sur 
le cadavre, mais pour le chirurgien c’est 
surtout a la salle d’operation. 11 doit tou- 
jours s’appliquer a faire une dissection 
soignee de tous les elements anatomiques, 
a bien les reconnaitre et individualiser. 
Pour y arriver il est essentiel d’avoir une 
anesthesie parfaite du malade, une incision 
suffisante de la paroi abdominale, un tres 
bon eclairage et une exposition claire du 
hile hepatique. Dans les cas ou l’anatomie 
a encore conserve son caractere normal et 
ou le col vesiculaire, le canal cystique,
1 artere hepatique et la voie principale ont 
ete degages et identifies, la chirurgie de la 
vesicule et du choledoque peut se faire 
en toute securite.
Les anomalies des voies biliaires, quoi- 
que peu frequentes, ne sont pas exception- 
nelles. Elies peuvent sieger au choledoque 
sous forme de dilatation sacciforme, con- 
sister en un abouchement du canal cystique 
dans l’hepatique droit ou encore etre dues 
a des canaux biliaires accessoires se dever-
sant directement dans le cholecyste. II faut 
toujours avoir a l’esprit la possibilite de 
telles malformations afin de les constater 
a temps et ne pas encourir d’echec. Dans 
les cas difficiles, la radiographie peropera- 
toire est d’un grand secours. En cas de 
doute, il faut savoir s’abstenir de tout pre­
cede dont on n’est pas sur du resultat. La 
situation de l’artere hepatique n’est pas tou­
jours normale. Tout comme les voies 
biliaires, si elle n’est pas bien reconnue, on 
s’expose a des dangers.
Les deformations pathologiques sont les 
principaux ecueils de cette chirurgie. C’est 
ici ou une dissection soignee et meticuleuse 
a sa principale indication. Elle portera 
d’abord sur les structures les moins 
touchees et les plus facilement reconnais- 
sables. La cholangiographie et le cathete- 
risme retrograde du choledoque sont par­
fois indispensables a la conduite d une 
bonne operation. L ’ouverture de la vesicule 
et, apres son evacuation, l’introduction de 
l’index de la main gauche a l’interieur en 
permettent la dissection progressive jus- 
qu’au cystique et de la au choledoque.
L ’hemorragie post-operatoire et le chole- 
peritoine sont des complications qu’il faut 
savoir prevenir et, s’ils se presentent, de­
couvrir a temps. Une hemostase rigou- 
reuse est aussi essentielle que dans toute 
autre operation. La chute de pression ar- 
terielle avec signes de choc doit faire sus- 
pecter la presence d’une hemorragie. Une 
reintervention avec remplacement du sang 
perdu s’impose dans le plus bref delai.
La certitude de Fintegrite des voies bili­
aires, une bonne ligature du cyste et des 
canalicules accessoires et une peritonisation 
soignee du lit vesiculaire, sont la meilleure 
sauvegarde contre la peritonite biliaire. Si 
Foperation n’a pu etre executee d’une fagon 
parfaite, le drainage sous-hepatique est de 
rigueur. La sortie des drains se fera de pre­
ference par une contre ouverture abdomi­
nale suffisamment large pour permettre 
l’ecoulement facile a l’exterieur de tout 
liquide qui peut venir de cette region.
Ces quelques principes de chirurgie 
eclaires de solides connaissances cliniques 
et physiopathologiques peuvent, croyons- 
nous, assurer une plus grande securite au 
malade et des meilleures chances de gue- 
rison. F ran co is R oy
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The Royal College o f Physicians 
and  Surgeons o f Canada
32nd ANNUAL MEETING
The Thirty-Second Annual Meeting of 
the Royal College of Physicians and 
Surgeons of Canada will be held in the 
Macdonald Hotel, Edmonton, Alta., Janu­
ary 17-19, 1963. The program is as follows:
Thursday, January 17
8 a.m.: Registration. 9:30 a.m.: Annual 
Business Meeting. 11 a.m.: Official opening 
and address(es) of welcome. 11:30 a.m.: The 
E. E. Poole Lecture: “Acute Renal Insuffi­
ciency in Obstetrics and Gynecology”—Dr. 
E. Stewart Taylor, Professor and Chairman, 
Department of Obstetrics and Gynecology, 
University of Colorado, Denver, Colo., 
U.S.A.
2 to 5 p.m.: Scientific Papers: Division of 
Medicine: “Hematology and Tumours”. Di­
vision of Surgery: “Surgical Gastroenterol­
ogy” and “Surgical Research Forum”. 
Combined Session: “Cardiovascular Sym­
posium”. Section of Obstetrics and Gyne­
cology: “Endocrinology”. 8:30 p.m.: An­
nual Convocation—The Jubilee Auditorium. 
9:30 p.m.: Reception in honour of newly 
admitted Fellows.
Friday, January 18
9 to 11 a.m.: Symposium: “The Problems 
of Immunity”. 11 a.m.: Closed circuit colour 
television: “General Surgery”. 11:30 a.m.: 
Annual Lecture in Surgery: “The Cerebral 
Circulation and Cerebral Vascular Surgery” 
—Dr. E. H. Botterell, Professor of Surgical 
Neurology and Dean of Medicine, Queens 
University, Kingston, Ont.
2 p.m.: Medallist in Medicine: “The Na­
ture of Trans capillary Exchange in the 
Liver”—Dr. C. A. Goresky, University 
Medical Clinic, Montreal General Hospital, 
Montreal. 2:40 to 5 p.m.: Scientific Papers: 
Division of Medicine: “Gastroenterology”; 
“Neurology”. Division of Surgery: “Trauma 
Symposium”; “General and Genito-Urinary 
Surgery”; “Surgical Research Forum”. Sec­
tion of Obstetrics and Gynecology: “Ob­
stetrics”.
Saturday, January 19
9 to 11 a.m.: Symposium: “Inflammatory 
Disease of the Small and Large Bowel”.
Closed circuit colour television. 11:30 a.m.: 
Annual Lecture in Medicine: “Anorexia 
Nervosa: The Course of Patients Seen Over 
20 Years Ago”—Dr. R. F. Farquharson, 
Emeritus Professor of Medicine, University 
of Toronto.
2 p.m.: Medallist in Surgery: “An Experi­
mental Investigation of the Normal Blood 
Supply to the Proximal End of the Femur 
of a Newborn Pig”—Dr. Joseph Schatzker, 
Research Institute, Hospital for Sick Chil­
dren, Toronto. 2:40 to 5 p.m.: Scientific 
Papers: Division of Medicine: “Endocrin­
ology”; “General Medicine”. Division of 
Surgery: “Cancer Symposium”; “Symposium 
on Hernia and Rectal Disease”; “Moving 
Picture Symposium”. Section of Obstetrics 
and Gynecology: “Pediatrics”.
7:30 p.m.: The President’s Reception. 
8:30 p.m.: Annual Dinner.
On each of the three afternoons from 3 
to 5 p.m., a closed circuit colour television 
presentation will be offered in one of the 
Divisions. The details and titles will be an­
nounced later.
INVITATION TO CERTIFICATED  
SPECIALISTS OF THE ROYAL 
COLLEGE OF PHYSICIANS AND 
SURGEONS OF CANADA TO ATTEND 
THE 1963 ANNUAL MEETING OF THE 
COLLEGE
The 1963 Annual Meeting of The Royal 
College of Physicians and Surgeons of Canada 
will be held at the Macdonald Hotel, Edmon­
ton, Alberta, Thursday, Friday and Saturday, 
January 17, 18 and 19, 1963.
Continuing a policy which was initiated in 
1962, a cordial invitation is extended to all 
certificated specialists of the Royal College to 
attend the Annual Meeting.
Certificated specialists desiring to attend the 
Annual Meeting should complete and return 
the application form opposite to the Secretary, 
The Royal College of Physicians and Surgeons 
of Canada, 74 Stanley Avenue, Ottawa 2, 
Ontario, together with a cheque or money 
order in payment of the Registration Fee of 
$15.00.
Certificated specialists who have registered 
will be entitled to attend all of the scientific 
sessions and other functions with the exception 
of the Annual Business Meeting of the College 
and will be granted the privilege of the Aom­
in the discussion of scientiRc papers.
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NOTICE
CANADIAN FELLOWS OF THE 
AMERICAN COLLEGE OF SURGEONS
Among the 1100 surgeons inducted as new Fellows of the American College of Surgeons on October 18, 1962, during the annual con­gress of the College in Atlantic City, were the following Canadian residents: E. A. Johnson, Calgary; W. H. Lakey, A. E. Theman and H. T. G. Williams, Edmonton; A. J. Kergin and D. G. Ulrich, New Westminster; R. A. 
Lim, St. Boniface; T. K. Goodhand, L. Green­berg and M. J. Lehmann, Winnipeg; K. J. Bonner, St. John, N.B.; F. J. Kelley, Sydney; 
M. Wasylenki, Elliott Lake; W. H. Barnes, Hamilton; J. L. Johnston, Islington; J. W. 
Kerr and H. W. Neuman, Kingston; H. H. Allen, London; N. W. Mortimer, Newmarket; J. M. Brewster and W. F. Lumsden, Owen Sound; F. A. Ducharme, Ottawa; C. R. Palm­
er, Parry Sound; C. R. S. MacKenzie, St. Ca­tharines; H. J. Grossman, E. C. Grundy, G. Y. Hiraki, I. H. Koven, E. G. Meyer, H. R. C. 
Norman, G. A. Trusler, H. M. Wallis and J. 
M. Woods, Toronto; R. J. Whitty, Windsor; F. 
Desrosiers, Loretteville, P.Q.; C. M. Allan, P. 
E. Charbonneau, G. Cholette, R. G. W. Good- 
all, J.-L. Lamy, G. Lehman, R, V. Moralejo, 
E. C. Percy, J. G. Simard, F. Telmosse and 
P. C. Tremblay, Montreal; C. Brunet and P. 
E. Kozak, Quebec City; G. Forget, St. Jerome, 
P.Q.; V. S. Katty, North Battleford; and J. J. 
Marian, Saskatoon.
B o ok s  R e c e i v e d
Books are acknowledged as received, but in some cases reviews will also be made in later issues.
Absolute Configuration and Optical Rotatory Dispersion of Conjugated and Homoconjugated Systems. Kurt Mislow. Annals of the New York Academy of Sciences. Vol 93. Art. 11, pages 457- 484. Illust. Editor: Mary C. Johnstone. New York Academy of Sciences, New York, June 28, 1962.
Aids to Surgery. 9th ed. Michael Harmer and G. Maurice Lunn. 368 pp. Illust. Bailliere, Tindall & Cox, London; The Macmillan Company of Canada Limited, Toronto, 1962. $3.00.
The Biology and Treatment of Intracranial Tu­mors. 9th Annual Scientific Meeting of The Hous­ton Neurological Society. Compiled and edited by William S. Fields and Paul C. Sharkey. 505 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1962. $17.25.
The Cervix. Consulting Editor: Warren R. Lang. Annals of the New York Academy of Sciences. Vol. 97, Art. 3, pages 527-878. Illust. Editor: Mary G. Johnstone. New York Academy of Sciences, New York, September 29, 1962.
Chemistry and Therapy of Diseases of Preg­nancy. John Quincy Adams. 80 pp. Illust. Charles C Thomas, Springfield, 111.; The Ryerson Press, Toronto, 1962. $5.00.
Correlative Neuroanatomy and Functional Neurology. 11th ed. Joseph G. Chusid and Joseph J. McDonald. 386 pp. Illust. Lange Medical Pub­lications, Los Altos, Calif., 1962. $5.50.
(Continued on page 126)
The Secretary,
The Royal College of Physicians and Surgeons of Canada,74 Stanley Avenue,Ottawa 2, Ontario.
I desire to register to attend the Scientific Sessions of the Annual Meeting of The Royal College of Physicians and Surgeons of Canada to be held at the Macdonald Hotel, Edmonton, Alberta, January 17, 18 and 19, 1963.
Enclosed is a cheque/money order in the amount of $15.00 in payment of the Registration Fee.
Name of Certificant: ..............................................................................................................
Address: .........................................................................................
Name of Specialty:
(please print)
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BLOOD VOLUM E DYNAMICS. Studies in Surg­
ical Disease. H. A. Davis. 146 pp. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1962. $7.75.
In the introduction, the author states that the 
blood volume is often regarded as a static 
quantity and that there is a paucity of unify- 
ing concepts in the field of blood volume re­
search. This book is an attempt to set things 
right. It is directed at the clinical surgeon 
who has a physiological sense.
The concept of basal blood volume is intro­
duced at the outset. This is the blood volume 
in a human being of a given height and mini­
mal weight. It may be predicted from a form­
ula if the height is known.
In succeeding chapters, blood and plasma 
volumes expected in health and in surgical 
disease are presented. These are tabulated in 
ml./kg. or ml./M2; included are data applic­
able in the presence of hemorrhage, trauma, 
peritonitis, appendicitis, intestinal obstruction 
and pancreatitis. The chronic surgical diseases 
that have been studied include pyloric obstruc­
tion, portal hypertension, jaundice, pulmon­
ary disease, arteriovenous fistula and cancel.
In the final chapter the techniques of blood 
volume measurement are reviewed. Most space 
is given to T-1824 dye techniques despite the 
fact that estimations using radioactive iodin- 
ated serum albumin (RISA) and chromium- 
tagged red cells are probably moie populai.
This book will find a place on the shelf of 
those investigating blood volume in health 
and disease.
M A L F O R M A T I O N  L U X A N T E S  D E  L A  
HANCHE. Pierre Bertrand, avec la collabora­
tion de H. Guias et H.-M. Benard. 295 pp. 
Must. G. Doin & Cie, Paris, 1962. 76 N F. 
$15.20 (approx).
This extensive monograph covers the whole 
subject of dislocation and dysplasia of the hip 
joint from birth to adult life. Assisted by H. 
Guias and H.-M. Benard, the author reviewed 
a considerable number of records from centres 
in France where much experience in the treat­
ment of congenital dislocation of the hip 
(C .D .H .) has been accumulated since the early 
work of Lebeuf and Poliquen. The value of 
arthrography in diagnosis is re-emphasized. 
Early open reduction is favoured following 
gentle manipulation where stability has not 
been secured by the closed method. Vascular 
changes (14% in the cases treated by manipu­
lations) are correlated to the application of 
strain on the joint capsule. Extreme positions 
should never be used to hold the reduction. 
The problem of anteversion is discussed with 
respect to roentgenographic measurements as
well as the therapeutic value of derotational 
osteotomies. The author points out the diffi­
culties of correcting both the anteversion and 
the valgus in one stage. Late reduction and 
reconstruction of the Colonna type alone or 
combined with femoral resections (68 cases) 
has given good results in not more than two- 
thirds of the series. In the treatment of late 
manifestations of the disease, emphasis is given 
to the new concepts of varus osteotomies put 
forward by Pauwels. The author mentions the 
shortening and permanent limp in some cases 
as less favourable aspects of results noted in 
his series of osteotomies.
Although it makes no mention of the use of 
the iliac osteotomies to change the acetabular 
angle, this well-illustrated and well-docu­
mented study is recommended to all surgeons 
interested in the treatment of C.D.H. and the 
arthritic conditions resulting from dysplasia or 
subluxation.
SURGERY O F THE VERTICAL MUSCLES OF 
TH E EYE. 2nd ed. Walter H. Fink. 445 pp. 
Must. Charles C Thomas, Springfield, 111.; The 
Ryerson Press, Toronto, 1962. $20.25.
This book describes in detail a small but im­
portant facet of ophthalmic surgery. Before 
proceeding with clinical methods of measuring 
and treating disorders of vertical muscle action 
a comprehensive account of their embryology 
and comparative gross and microscopic ana­
tomy is presented. These sections are beauti­
fully illustrated by photographs and drawings 
of specimens, and particular attention is paid 
to normal variations and fascial attachments. 
In the clinical section of this book dealing with 
the management of vertical muscle defects, 
comprehensive discussions concern the eti­
ology, diagnosis, techniques and indications for 
surgical intervention. The views expressed by 
the author are based on a sound knowledge of 
vertical muscle anatomy and a wide clinical 
experience. It is a valuable reference work for 
the management of vertical muscle disorders.
POSTOPERATIVE CARE IN THORACIC 
SURGERY. A Manual of Practical Information 
for Internes, Residents and Nurses. H. J. Heim­
lich. 44 pp. Must. Charles C Thomas, Spring- 
field, 111.; The Ryerson Press, Toronto, 1962. 
$4.75.
This short manual discusses concisely and 
clearly the essentials of postoperative care. It 
should remove much of the trepidation with 
which the neophyte, whether rotating intern 
or nurse, approaches thoracic surgery, and en­
sure competent observation and care of the 
postoperative patient during this critical peri­
od. It is a text well written and much needed.
(Continued on page 124)
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Now.. . ease of control 
combines with safety features 
in oral inhalation anaesthesia
A halogenated ethyl methyl ether by the makers of Pentothal*. 
Penthrane equals any other agent in providing full surgical depths of 
anaesthesia -  and adds a bonus of safety features. Among its many 
advantages are:
1. Stable cardiovascular function. 3. Excellent muscle relaxation.
2. Marked analgesic properties. 4. Freedom from explosion hazard.
For literature, address Professional Services, Abbott Laboratories 
Limited, P.O. Box 6150, Montreal.
A B B O T T  L A B O R A T O R I E S  L I M I T E D
Montreal • Toronto • Winnipeg • Vancouver
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TH E HUMAN ADRENAL CORTEX. Proceedings 
of a Conference held at the University of Glas­
gow, Ilth -14th  July, 1960. Edited by Alastair
R. Currie, T. Symington and J. K. Grant. E. &
S. Livingstone, Ltd., Edinburgh & London; 
The Macmillan Company of Canada Limited, 
Toronto, 1962. $9.90.
Essentially, this book consists of the edited 
proceedings of a conference held in Glasgow 
in July 1960. This conference was arranged to 
present an overall picture of the present status 
of knowledge concerning the biochemistry, 
control and effects of the adrenal cortical hor­
mones.
The material is divided into the following 
sections: morphology, control, biochemistry, 
metabolic effects, diseases and the fetal adren­
al cortex. Each section is made up of a num­
ber of papers by specialists in the field, pro­
viding definitive contributions from many 
research centres. The large amount of detailed 
information and the results of much recent 
research presented here should make this book 
exceptionally useful to research workers, physi­
ologists, endocrinologists and others with a 
special interest in the field of adrenal ster­
oids.
The editing and the concise introduction 
and summary of each section adds consider­
ably to the value of the book as a whole.
TREATMENT OF CANCER AND ALLIED 
DISEASES. 2nd ed. Vol. 6. Tumors of the 
Female Genitalia. Edited by George T. Pack 
and Irving M. Ariel. 381 pp. Illust. Paul B. 
Hoeber, Inc., New York, 1962. $16.50.
In this volume the writings of 27 American 
and Continental authorities on neoplasms of 
the female genitalia have been collected for 
the purpose of presenting current concepts 
of management.
One chapter is devoted to the newer tech­
niques of chemotherapeutic and hormonal 
control of cancer with a description of the 
various agents and their possible mode of 
action. Similarly, another chapter contains an 
exposition of the techniques of high energy 
irradiation and their place in the spectrum 
of cancer treatment.
A description follows of the treatment 
methods and their evaluation in the various 
sites of the female reproductive tract. It is 
indicated that vulvar cancer is primarily a 
disease requiring operative treatment but, 
nonetheless, a detailed account of radiothera- 
peutic methods and results is given.
Radiological and surgical treatment of can­
cer of the corpus and cervix uteri, the Fallo­
pian tubes, vagina and ovaries are described 
and assessed. Ultraradical surgical methods, 
currently under scrutiny, are fully described 
and evaluated.
(Continued on page 128)
UNIVERSITY OF TORONTO
Faculty of Medicine
DIVISION OF POSTGRADUATE MEDICAL EDUCATION
REFRESHER COURSE FOR GENERAL SURGEONS
February 4th, 5th, 6th, 1963 
FEE -  $35.00
This Course is offered by the Surgical Staff of the Toronto General Hospital 
and is designed for the surgeon in active practice. The program m e w ill be 
devoted to current problem s and advances of particu lar interest to this group.
REFRESHER COURSE IN PAEDIATRIC SURGERY
March 21st and 22nd, 1963 
FEE -  $30.00
This Course is offered by the Surgical Staff of the Hospital fo r Sick Children 
It is designed fo r surgeons who are called upon to deal with surgical 
problems in in fan cy and childhood.
For further information and programmes write 
to the Division of Postgraduate Medical Education, 
Faculty of Medicine, University of Toronto, Toronto 5.
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WHEN PAIN AND FEAR OF PAIN INTERFERE WITH THE PATIENTS’ COMFORT
F io rin a l-C  attacks bo th  phases o f th e  p a in -  
fe a r -te n s io n  cycle —  it  in c rease s  th e  pain  
th re s h o ld  and  it lo w ers  te n s io n . F io r in a l-C  is 
in d ica ted  in a g rea t m any pain fu l co n d itio n s , 
so m e o f w h ich  are : pos to p e ra tiv e  p a in , p o s t­
partum  pain , pain fo llo w in g tra u m a , a rth ra lg ia , 
b u rs itis , dys m e n o rrh ea , pain as s o c ia te d  w ith  
neo p la s ia , stra ins , sp ra ins , d is lo c a tio n s , 
fra c tu re s , s in u s itis , in flu en za , in te rve rte b ra l 
d isc  sy n d ro m e , and lo w  back pain .
Composition Each capsule contains —  Sandoptal 
(Aliylisobutyl barbituric acid) 50 mg., Caffeine 40 mg 
Acetylsalicylic Acid 200 mg., Phenacetin 130 mg ! 
Codeine phosphate 16 mg. (]^  gr.). A ve ra g e  D osage  
1 or 2 capsules at once, followed by 1 capsule every 3 
to 4 hours. Supp ly  Bottles of 100, 500, and 1 000 
capsules.
NEW
H0RINAI-C
CAPSULES -  WITH CODEINE
RAPID SIMULTANEOUS 
ANALGESIC-SEDATIVE 
ACTION IN ALL PAIN/FEAR 
SITUATIONS
S A N  OOZ P H A R M A C E U T I C A L S D O R V A L , P Q .
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HANGER
ARTIFICIAL LIMBS
It is our policy to consult surgeon 
before soliciting patient
Specializing on light 
D u ra l M e t a l  a n d  
English W illow  limbs 
worn without Shoulder 
straps.
Im proved and suc­
cessful method in fitting 
short thigh stumps and 
hip disarticulations.
Personal training given 
to patients in the use of 
H ange r Limbs.
BELTS
LEG BRACES 
Treatise on 
amputations
Catalogue and 
demonstration 
given on request
Surgeons m ay rest 
assured that patients 
referred to us will be 
fitted by  fully qualified 
fitters, certified by the 
American Board  for 
Certification, in the 
latest developm ents 
such as quadrilateral 
sockets, etc., and that 
techniques will he kept 
up-to-date by post­
graduate  courses at 
the N ew  York Univer­
sity P o st-G rad u a te  
M ed ica l School and 
other institutions.
J. E. HANGER OF CANADA Limited
Head Office established 1861 
38 Camden Street, TORONTO 
Phone EM. 4-5797
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Curvatures of the Spine. Emil D. W. Hauser. 
190 pp. Illust. Charles C Thomas, Springfield, 111.; 
The Ryerson Press, Toronto, 1962. $10.75.
Examination and Diagnosis of the Spine and 
Extremities. Beckett Howorth. 178 pp. Illust. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto, 1962. $11.50.
Experimentelle und Klinische Untersuchungen 
fiber Arterielle Thrombogenese und Fibrinolyse
(Experimental and Clinical Research into Arterial 
Thrombogenesis and Fibrinolysis). A. Kappert. 
147 pp. Illust. Benno Schwabe & Co., Basel and 
Stuttgart; Intercontinental Medical Book Cor­
poration, New York 16, 1962. $4.00.
A General Gradient Theory of Spatial Vision.
Paul B. Porter. Annals of the New York Academy 
of Sciences. Vol. 93, Art. 17, pages 751-760. 
Illust. Editor: Mary C. Johnstone. New York 
Academy of Sciences, New York, September 26, 
1962.
A Handbook for Ambulance Room Attendants.
C. E. Watson. 120 pp. Illust. Bailliere, Tindall 
arid Cox, London; The Macmillan Company of 
Canada Limited, Toronto, 1961. $1.00.
Hare-Lips and their Treatment. A. B. Le-
Mesurier. 169 pp. Illust. The Williams & Wilkins 
Company, Baltimore 2, Md., 1962. $7.00.
Die Ilelferin des Chirurgen. Ein Lehrbuch der 
Chirurgie fur die Schwester. (The Surgeon’s 
Assistant. A Textbook of Surgery for the Head 
Nurse). 206 pp. Illust. Georg Thieme Verlag, 
Stuttgart, W. Germany; Intercontinental Medical 
Book Corporation, New York 16, N.Y., 1962. DM 
15. $3.75 (approx.).
Iliopsoas. Development of Anomalies in Man. 
Arthur A. Michele. 550 pp. Illust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, Tor­
onto, 1962. $28.25.
Intravenous Cholangiography. Robert E. Wise. 
With a foreword by Richard B. Cattell. A mono­
graph in American Lectures in Roentgen Diagno­
sis edited by Lewis E. Etter. 139 pp. Illust. 
Charles C Thomas, Springfield, 111.; The Ryerson 
Press, Toronto. 1962. $10.50.
Nouvelle Pratique Chirurgicale Illustree. Fasci­
cule XIX (New Surgical Practice Illustrated,
Fascicle XIX). Edited by Jean Quenu. 295 pp. 
Illust. G. Doin & Cie, Paris, 1962. 52 NF. $10.40 
(approx.).
Nouvelle Pratique Chirurgicale Illustree. Fasci­
cule XX (New Surgical Practice Illustrated,
Fascicle XX). Edited by Jean Quenu. 284 pp. 
Illust. G. Doin & Cie, Paris, 1962. 50 NF. $10.00 
(approx.).
The Operational Use of Meteorological Satel­
lite Data. Jay S. Winston. Annals of the New 
York Academy of Sciences. Vol. 93, Art. 19, pages 
775-812. Illust. Editor: Mary C. Johnstone. New 
York Academy of Sciences, New York, October 
3, 1962,
Plastic and Reconstructive Surgery of the Eye 
and Adnexa. Papers presented to the First Inter­
national Symposium of the Manhattan Eye, Ear 
and Throat Hospital. Edited by Richard C. Trout­
man, John M. Converse and Byron Smith. 305 
pp. Illust. Butterworth & Co. (Canada) Ltd. Tor­
onto, 1962. $8.50.
Soviet Studies on Nutrition and Higher Nervous 
Activity. Josef Brozek. Annals of the New York 
Academy of Sciences, Vol. 93, Art. 15, pages 665- 
714. Editor: Mary C. Johnstone. New York Acad­
emy of Sciences, New York, September 12, 1962.
Stereoencephalotomy. Part II. Clinical and Phys­
iological Applications. E. A. Spiegel and H. T. 
Wycis. 504 pp. Illust. Grune & Stratton, Inc., 
New York; The Ryerson Press, Toronto, 1962. 
$29.75.
Stress-Strain Relationship in Skeletal Muscle.
Yves Nubar. Annals of the New York Academy 
of Sciences. Vol. 93, Art. 21. pages 857-876. 
Illust. Editor: Mary C. Johnstone. New York 
Academy of Sciences, New York, October 22, 
1962,
Surgery of the Chest. Edited by John H. Gib­
bon, Jr. 902 pp. Illust. W. B. Saunders Company, 
Philadelphia; McAinsh & Co. Ltd., Toronto and 
Vancouver, 1962. $29.20.
Textbook of Surgery. Edited by Sangham Lai 
and C. P. V. Menon. 892 pp. Illust. Butterworth 
& Co. (Canada) Ltd,, Toronto, 1962. $22.00.
Human Intersex. David J. B. Ashley. Foreword 
by R. Winston Evans. 357 pp. E. &: S. Livingstone 
Ltd., Edinburgh & London; The Macmillan Com­
pany of Canada Limited, Toronto, 1962. $7.20.
A Handbook of First Aid and Bandaging. 5th
ed. Arthur D. Belilios, Desmond K. Mulvany and 
Katharine F. Armstrong, with foreword by Sir 
Cecil P. G. Wakeley. 469 pp. Illust. Bailliere, Tin­
dall & Cox Ltd., London; The Macmillan Com­
pany of Canada Limited, Toronto, 1962. $2.50.
The Foundations of Surgery. 2nd ed. George 
Perkins. 236 pp. E. & S. Livingstone Ltd., Edin­
burgh & London; The Macmillan Company of 
Canada Limited, Toronto, 1962. $2.25.
Evaluation of the Acridine-Orange Fluorescence 
Microscope Method For Cytodiagnosis of Cancer.
Felix D. Bertalanffy. Annals of the New York 
Academy of Sciences. Vol. 93, Art. 16, pages 715- 
750. Editor: Mary C. Johnstone. New York Aca­
demy of Sciences, New York, September 19, 1962.
Automated and Semi-Automated Systems in 
Clinical Chemistry. Consulting Editor: Adrian 
Hainline, Jr. Annals of the New York Academy of 
Sciences. Vol. 102, Art. 1, pages 1-180. Illust. 
New York Academy of Sciences, New York 
October 31, 1962.
Rhythmic Functions in the Living System. Con­
ference Editor: William Wolf. Annals of the New 
York Academy of Sciences. Vol. 98, Art. 4, pages 
753-1326. Illust. New York Academy of Sciences 
New York, October 30, 1962,
T H E  P A T I E N T S '  C O M F O R T  
IN S U R G I C A L  P R O C E D U R E S
(POSTOPERATIVE PAIN)
FIORINAl-C
PROVIDES RAPID SIMULTANEOUS 
ANALGESIC-SEDATIVE ACTION.
Com position : Each capsule contains San- 
doptal (Allylrsobutyl barbituric acid) 50 mq.. 
Caffeine 40 mg., Acetylsalicylic Acid 200 mg., 
Phenacetin 130 mg., Codeine phosphate 16 mg. 
(K  gr.)
Dosage : 1 or 2 capsules at once, followed by 
1 capsule every 3 to 4 hours.
SANDOZ PHARMACEUTICALS DORVAL, P.Q.
W H E N  P A I N  A N D  F E A R  OF 
P A I N  C O M P L I C A T E  T H E  
C L I N I C A L  “ P I C T U R E ”
FIORIMAI-C
p ro v id e s  rap id  s im u l ta n e o u s  
analgesic-sedative action in all  
p a in /fea r  situations.
Com position: Each capsule contains San- 
doptal (Allylisobutyl barbituric acid) 50 mg., 
Caffeine 40 mg., Acetylsalicylic Acid 200 mg., 
Phenacetin 130 mg., Codeine phosphate 16 mq. 
(.H  gr.)
Dosage : 1 or 2 capsules at once, followed by 
1 capsule every 3 to 4 hours.
SANDOZ PHARMACEUTICALS DORVAL, P.Q.
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Benign tumours, which have to be consid­
ered as a peripheral problem in the manage­
ment of cancer, are dealt with in other chap­
ters; these include precancerous lesions of the 
vulva, uterine fibroids and endometriosis.
The problem of carcinoma-in-situ of the fe­
male genitalia is well handled and such con­
ditions as hydatid mole, choriocarcinoma and 
neoplasms complicating pregnancy are dealt 
with in individual chapters.
In short, the editors have succeeded ad­
mirably in presenting a compendium of pres­
ent-day techniques in the treatment of neo­
plasms' of the female reproductive organs 
which should serve as a reference and review 
for those with special interest in this field. Ex­
cellent bibliographies for each chapter, placed 
at the end of the volume immediately preced­
ing the index, enhance its value as a general 
reference.
ENDOCRINE TISSUE TRANSPLANTATION. 
John R. Brooks. 113 pp. Illust. Charles C 
Thomas, Springfield, 111.; The Ryerson Press, 
Toronto, 1962. $6.50.
The author has produced a short but informa­
tive monograph which outlines well the pres­
ent status of endocrine tissue transplantation. 
This monograph includes a valuable bibliog­
raphy listing 247 references so that it would 
be an especially useful source for anyone 
contemplating further research. It has sufficient 
illustrations and tables and excellent reproduc­
tions of photomicrographs. The author has 
indulged in needless repetition in describing 
unsuccessful experiments which seem to apply 
to all of the glands transplanted and which 
possibly could have been presented in a single 
chapter.
Each of the endocrine glands is dealt with 
in a separate chapter. It has been found that 
all endocrine organs with the exception of the 
pituitary can function when removed from 
their normal habitat but function is usually 
partial and transient. The evidence presented 
shows that there is considerable doubt as to 
the success of any homograft of endocrine tissue 
in humans but that a moderate degree of suc­
cess has been achieved in lower animals such 
as the rat. The author presents valid reasons 
why, in his opinion, such success in lower ani­
mals’ is possible. The previously accepted dog­
ma that endocrine transplants will only func­
tion if there is a deficiency state in the host is 
shown to be false. It is also shown that the 
endocrine homografts tend to induce a weak­
er host reaction than tissues such as skin or 
organs like the kidney. The parathyroid and 
ovary are the most readily accepted homo­
grafts in the lower animals and function best 
and longest. The difficulties in assessing func­
tion of endocrine transplants are outlined. In 
both lower animals and to a lesser degree in 
humans there is not infrequently some adjust­
ment in experimentally produced deficiency
and what are thought to be classical evidences 
of the specific deficiency are not seen. The 
author looks forward to the day when donor 
and host modification plus total endocrine 
organ transplant with vascular anastomosis may 
enable frequent and successful endocrine 
homografts in human subjects.
FUNDAMENTAL SKILLS IN SURGERY. 
Thomas F. Nealon, Jr. 289 pp. Illust. W. B. 
Saunders Company, Philadelphia; McAinsh & 
Co. Ltd., Toronto and Vancouver, 1962. $9.20.
This is a well-printed and well-illustrated book 
dealing with fundamental procedures, knowl­
edge of which should be in the possession of 
both final-year students and interns. It advo­
cates no new methods and all that it states 
is according to sound practice. There could 
be few arguments against the opinions ex­
pressed. The reviewer feels that it would be of 
particular value to fourth-year medical stu­
dents who are doing clinical clerkships on the 
ward.
The chapter on the care of the surgical 
patient, particularly preoperative and post­
operative care, is well and succinctly done. 
On the other hand, the chapter on surgical 
instruments is somewhat unnecessary; any 
assistant picks this information up in the 
course of his training and there is no virtue 
in including it here. The chapter on operat­
ing room conduct is good; it certainly shows 
the correct method of gowning and scrubbing, 
which often is not told to junior personnel. 
The section on local anesthesia is valuable as 
a rapid description of the subject. The chap­
ter on gastrointestinal intubation is useful be­
cause this is a hard subject to find encom­
passed in a small area, such as is done in this 
book.
All in all, one would say that this is a useful 
manual for final-year medical students and 
junior interns.
PRINCIPLES OF CHEST X-RAY DIAGNOSIS.
2nd ed. George Simon. 207 pp. Illust. Butter-
worth & Co. (Canada) Ltd.. Toronto, 1962.
$ 10.00 .
This valuable book is basic and somewhat 
unique in its presentation of the principles of 
radiological diagnosis of diseases of the chest. 
The normal and abnormal opacities and trans- 
lucencies seen on chest films are described in 
terms of shape, size, number, density and com­
position. This factual information, initially di­
vorced from the clinical history and physical 
findings, is then translated in terms of the 
possible normal or pathological anatomy. 
Chapters also describe bronchography and 
tomography respectively in detail.
This edition has 38 new illustrations, all of 
which are of excellent quality. While it is pri­
marily a text for student radiologists, its prac­
tical approach makes it a worth-while volume 
for anyone interested in chest disease.
